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(UNCLASSIFIED) ABSTRACT

This report analyzes 345 cases of combat damage to U.S. Marine
Corps CH-53A and U.S. Air Force HH{-53B helicopters caused by ground
fire in Southeast Asia, as reported to the Army Materiel Systems
Analysis Agency and Ballistic Research Laboratories (AMSAA/BRL) through
a number of data sources, Tabulated statistics and related analyses
are provided for sorties flown, sorties hit, total hits, distribution
of hits, circumstances of hits, and aircraft systems and components
hit, Data are correlated with respect to crashes, forced landings,
mission aborts, and damage-grounded aircraft., Hit frequency and hit
multiples by weapon types are correlated with aircraft altitude, air-
speed, and other factors; components and system damage are identified
by reactions caused. Observations are compared with those from other
analyses, for similarities with the CH-54, and for contrast with other

helicopters. Comments on passive defense measurec are included.
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(UNCLASSLELED) 1. INTRODUCTION

The Sikorshy (H-53A "Sea Stallion' shown in Figure I 1s 1 twin-
turbine heavy assault traasport helicopter used by the U, S. Marine
Comps for combat operations aud other duties in Vietnam., Powered by
two General Electric Tod-6 or To4-12 engines, the helicopter has a six-
blade 72.2-foot diameter main rotor and a four-blade 16-foot diumeter
tatl rotor. The dual-wheel cricycle landing gear and tail skid are re-
tractable, and a water-tight hull allows water landings and takeoffs.

A tull-size rear opening, with built-in ramp, alfows cargo loading and
unloading, facilitated by a hydraulically operated internal cargo
loading system and floor rollers. An external cargo system permits in-
flight sling pickup and release of up to 20,000 pounds without ground
assistance. Tor parking configuration, the main rotor blades retract

aft, over the fuselage, and the tail pylon folds up.

The CH-53A is crewed by a pilot, copilot, gunners, and crew chicf.
The main cabin accommodates 38 combat-equipped troops on inward-facing
seats and a heli-team leader. An alternate configuration accommodates
21 stretchers and four attendants., CH-53A's in combat are fitted with
side-door guns, engine air particle separators to protect the engines
from sand and dust, and armor to protect the engines, pilot and copilot,
and hydraulic reservoirs. A general arrangement is shown in Figure 2.

The U. S. Air Force employs the HH-53B helicopter for its Aerospace
Rescue and Recovery Service. The HH-53B is similar to the (H-S3A in
most respects, but it is powered by T64-3 engines and is fitted with a
retractable refueling probe, jettisonable twin auxiliary 450- or 650-
gallon fuel tanks, and a rescue hoist with 250 feet of cable and 600
pounds capacity. Armament consists of three 7.62mm Miniguns, one on
each side at mid fuselage and one by the ramp in the aft fuselage. In
addition to the pilot and copilot, the HH-53B is crewed by two para-
medics and a flight engineer who operates the guns when other duties

allow.

13
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the U, S, Apmy's CH-54A heavy-lift helicopter is similar in size,
tt not shape, to the (H/1H-S3. They incorporate the same main and tuil
rotor systems and tail rotor drive system. Mecnanical flight control
clements and primary hydraulic systems are essentially the same, and
basic similarities can be found in the main transmission, oil coolers,
dd other teatures. Both types are used for reccveries and cargo haul-
ing by sling. [n the analvses to follow, observations from CH-54A

. . .
combat datal® are incorporated where appropriate,

This study analyzes all the reported ground fire hits, their
viramstances, ard their results on CH-53A and HH-53B helicopters
occurring from January 19~7 through June 1969, as reported through a
number of sources. Report sources and relative overlaps are listed in
Table A-1 of Appendix A, vhich also presents sample reports from the
major sources of data, The Navy Direct Enemy Action (DEA) reports
obtained from Naval Safety Center, Norfolk, Virginia, provided the
majority of the data ter this analysis, but many cases were reported by
other Sources.and no single source was complete during the period. DE*
summaries covr ‘ed about 70 percent of all known cases. The Joint
Services Incident and Damage Reports (JSIDR) covered about a quarter of
the cases, and others covered lesser amounts., It appears reasonable to
assume that some hits may not have been reported through any source, but
certainly known data on all the important hits should have reached

continental U. S. via one route or another.

Available operation data and reported case mission data are pre-
sented in Appendix B, Appendix C presents reported altitude, airspeed,
and flight data reported for the hit-incidents. Appendix D presents
threat data., Appendix E presents summarized systems-damage information;

Appendix F presents aircraft reaction data.

*References are listed on page 76.
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(CONFLDENTTAL) 2. OPERATIONS DATA

The U, 5, Marine Corps introduced the CH-53A to South Vietnam
operations in January 13967 tor use in combat assault and support
missions; the first two reports of hits on CH-53A's were inmitiated on
17 January 1967, In the first year of CH-S3A operations*, 26,500 sortics
were logged with 10,600 flyving hours for an average sortie time of 24
minutes, Of these sorties, 95 percent were cumbat-related. The Vietnam
CH-53A inventory was 29 aircratft at the end of 1967, and this quantity
was miintained at an average or ahout 30 possessed aircraft throughout the
period of studv. By the ond of June 1969, these aircraft had accumulated
about 116,000 sorties in 40,500 flving hours with little change in
average sortie time; sorties averaged 19 minutes for 1968 and 21 minutes
tor the first half of 1969, Eighty-five percent of the total sorties

were combat-related.

The initial increment of U. S, Air Force HH-53B's arrived at tidorn
AB in Thailand in September 1967; the first reported hit occurred on
5 October 1967 during a training flight, The last of six HH-53's to be
stationed there arrived in January of 1968, The helicopters joined
HH-3E and HH-43 helicopters in search and rescue operations in support
of fighter-bomber missions. A typical mission entailed take-off prior
to each strike mission and arrival at an orbit position about 20
minutes before the strike aircraft began their penetration. The heli-
copters refueled from an HC~-130 rescue command-and-control aircraft and
remained on station sometimes for several hours. For retrieval of
downed pilots from moderately defended areas, two A-l escort aircraft
preceded the HH-53B to suppress enemy fire and locate the downed
personnel, while two additional A-l aircraft rfollowed at a distance be-
hind the helicopter to attack any ground fire source in the event the
latter received fire from the rear. In more lightly defended areas, the
advance A-1's were not employed, In these regions there was usually a
forward air controller aircraft to locate the downed crew.

* ' Source of operational data: Office of Chief of Naval Operations
(OPREP-5).
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The =538 1nventory for these operations was maitntained at an
average of sia airerart through the period under study. luring the o2
months ot HH-S3B operations through June 19049, the aircratt conducted
2951 sorties in oloy flyving hours., The early operations in 1967
weraged 1,5 hours per sortie, but an average of 2.0 to 2.4 hours per
sortie was maintained through 198 and 1969 operations, Of these
sorties, about o0 percent were combat-related in 1968, and all were

combat-related 1n the tirst half of 1969,

\ table of CH-33A and HH-53B aircraft inventory and utilization
during the period of study is presented in Table B-1, In Table B-1l
total sorties are broken down by mission types, and in l'able B-11I
combat related sorties (excluding unavailable 1967 data) are presented

on a basis of percent of total sorties.

Table B-1V lists the yearly number of aircraft reported hit, the
total number of hits received during the rcporting period, and average
number of hits per sortie hit., In conducting about 116,000 sorties,
336 CH-53A sorties received 763 hits; in conducting 1873 sorties,.9
HH-53B sorties received 71 hits. Specific total operational data are

shown in Table I,

Table I. (C) General Sortie and Hit Data (U)

CH-53A HH-53B All

Total Flying Hours 40,572 6,169 46,741
Total Sorties 115,997 2,954 118,951
Combat-Related Sorties 99,073 2,042* 101,115*
Average Sortie Time (hrs) 0.35 2.09 0.39
Sorties Hit 336 9 345
Total Hits 763 71 834
Flying Hours per Sortie Hit 121 685 135
Sorties Flown per Sortie Hit 345 328 345
Combat-Related Sorties Flown per

Sortie Hit 295 227 293

*Assumed 75 percent of 1967 HH-53 sorties were combat related.

18
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A first impression of the nine tetal hit-incidents reported for
=2 months ot HH-53B operations in comparison to 336 (H-53A incidents 1is
that many cases involving the former model may not have been reported.
On the other hand, the CH-53\ invertory was consistently five times
greater (30 vs 6), and the HH-53B missions average six times longer for
each opportunity to encounter ground fire (2 hours vs 20 minutes).
These factors alone could lead to a reporting rate ratio of 30 to one,
with all other factors equal. The actual reporiing ratio was 37.3 to one
{336 to 9). Further, the (.'-53A's were accumulating incident reports for
eight months prior to introduction of the HH-538's. The actual ratio of
sorties flown over the reporting period was 39 to one. On the basis of
these factors, the HH-53B reported data appear adequately representative.

On a basis of flying hours, the hit-risk for the CH-53A was con-
siderably higher than the risk for the iH-53B, however, on a basis of
total or combat-related sorties, the hit-risk for the two configurations
were somewhat similar. Specificallv, on the average, one CH-53A sortie
was hit for every 121 flyving hours, or for every 345 sorties, or for
every 295 combat-related sorties; one HH-53B was hit for every 685 fly-
ing hours, but for every 328 sorties, or for every 227 combat-related

sorties,

Yearly totals of sorties hit and total hits are listed in Table
B-IV. The average number of hits per sortie hit was 2,27 for the CH-53A
and 7.89 for the HH-53B, The high number of hits received in an average
HH-53B incident is due in part to one case involving 25 hits - twenty-
three fragments from an AAA projectile and two caliber .30 bullets;
however, if that case is discounted, the average remains high at 5.8.
The overall average for both types against all encountered threats was

2.42 hits per aircraft hi-.

A study of the average number of sorties hit per combat-related
sortie flown is presented in Table B-V. Data are listed for each month
in 1968 and the first half of 1969, with 1967 shown by yearly total
only, As previously stated, on an overall basis, 293 combat-related
sorties were flown for every aircraft hit. On a month-to-month basis,
the ratio fluctuated radically. For example, during May 1968 and

CONFIDENTIAL
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July 1908 these wreratt conducted an average of over 2,000 combat - sodated
sorties betore an arpecratt was hit; September and Sovember 1968 were ol o
seadd menths tor avording hxtQ. Then o January, Febraary, aml April 19e,
and again abruptly in March 1909 these helicopters conducted relatively
Few missions per sortie recerving hits, as the averages for these month
tell to within a range of 93 to 184 missions between hit-incidents,

Viened on i vearly basis, however, this rate began at 181 combat-related
sorties per aiveriatt hit in 1907, and improved to 322 sorties in 1968 and

393 1n the tivst halt of 1voy,

The distribution of sorties hit and total hits by mission, or task,
are presented in Tables B=VD and B-VII, respectively, for each weuapon
type encountered.,  Unfortunately, reports for 44 percent of the cuases
Jdid not specifty this information. About two-thirds (66 percent) of the
191 cases with mission specified cited resupply as the task being per-
formed at the time hits were received. Just over throe-fourths of the
resupply tasks involved delivery of on-board cargo and accounted for, 80
percent of the caliber .50 incidents; the remainder involved externally
carried supplies. 5ling recoveries (non-rescue) and air-landed assaults
also accounted for significant hit-incidents - 12 and 11 percent re-
spectively, The above tasks entail USMC CH-S3A usage only; no USAF
HH-53B's were involved in these totals, Other CH-53A tasks incurring
ground fire hits were reported in lesser percents of the total. Re-
ported missions while receiving hits for the USAF model were: one

training flight and eight rescue missions.

From the data presented in Tables B-VI and B-VII for number of
sorties hit and totai hits by mission type, average numbers of hits per
sortie hit were calculated for each of the mission types. These values
are presented in Table B-VIII, broken down by weapon type. The over-
all average for all missions was 2.42 hits per sortie hit, Rescue\
missions had the highest average number of hits and were flown by both
models, but only seven sorties were reported hit, These missions
averaged 7.5 hits per sortie hit, con;idering all threats; discounting

20
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the 23 individual tfragnent hits in one case involving an AAA projectile,
the 5 qure remained the highest at 5.6 hi*s per sortie hit, Second
highest was training, at 5 hits per sortie hit; however, only one case
was imolved.  Third highest was sling-recovery tashs, at 3.2 hits per
sortie hit, which encompassed 23 cases (about 12 percent of the total
with mission specified and all caliber .30 incidents). On the other
hand, the two resupply categories - involving two-thirds of the cases

in which mission wuas specified - both averaged about 2.0 hits per
sortie hut., These two categories combined to account for 83 percent

of the caliber .50 incidents, however, with an average of 4.4 caliber

.50 hits per incident,

Siightly less than haltf of the damage reports did not specify if
the c¢rew knew when their helicopter was hit; only about 35 percent
stated whether or not the crew observed the enemy fire. These data are
presented in Table B-IX. When specified, crews reported knowing they
were hit in 82 percent of the incidents, and observing enemy fire in

about 35 percent,

(CONFIDENTIAL) 3. FLIGHT CONDITIONS

Appendix C presents the reported combat data correlated with phase

and conditions of flight.

Numbers of sorties hit, distributed by flight phase and threat, are
presented in Table C-I. Flight phase was not specified in 10 percent of
the cases. More than half (S5 percent) of the cases in which flight
phase was specified involved hits received while en route to or from
the landing, drop, or pick-up zones; 35 percent were hit while operating
in these zones, Seventy percent of those hit en route were operating at
altitudes over 1,000 feet above the ground. Only 3.6 percent of the
aircraft were hit while on the ground (with power on). An additional
few involved hovering and orbiting maneuvers. Encounters with HE
projectiles were more numerous for on-ground, hovering, and take-off
phases. By flight phase, distribution of calibers .30 and .50 wezpons
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cncounters resembled the overall threat pattern.

fable C-tl presents the distribution of total hite by flhight phase,

and the pattern is simlar to that tor nuber of aireraft hit,

the Jdata from fables C-1 and ¢€-11 were combined to obtiin averap
numbess of hits per sortie hit for the various flight phises, a~ pre-
sented tn fable C-111,  Compared to an overall average of 2.42, the
averige awaber of hits received generally increased as operations
neared ground level: 1.9 for en route high (over 1000 feet altitudei;
2. Cor en route tow tamder 10040 feet altitude); 3.1 for Landing and
Joscending,  Comparable averages obtained in a study of CH-54A dutu‘
were very simtlar,  Hovering, the helicopters were expectedly suscepti-
ble to high numbers of hits, averaging 4.7 hits per sortie hit if i

nrojectile fraguent hits are excluded, and 6.4 hits if they are included.

fables C-IV and C-V present sorties hit and total hits, respectivel:,
correlated with reported altitude information. Fifty-eight percent of
the time these aircraft were hit at altitudes above 750 feet. The
altitude band in which these aircraft most often received hits was from
1001 to 1500 reet, accounting for 20 percent of the cases. The altitude
hand below (751 to 107" feet) accounted for 12 percent; the two bands
above (1501 to 2000 feet and 2001 to 3000 feet) accounted for 11 percent
and 12 percent respectively. Hits were sustained from caliber .30
small arms and caliber .50 weapons at altitudes above 3000 feet. One
AAA projectile caused numerous fragment-hits on an HH-53B at 6000 feet

altitude.

V'iewed on a cumulative basis, the incidents for which altitude

was reported were distributed as follows:
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Table [{, (C) Percent of Sorties Hit Versus Altitude ()

Altitude Specified, Ft, Percent of Sorties Hit
On Ground (Power On) 4
S0 and Under 12
100 and Under 18
300 and Under 32
500 and Under 39
1000 and Under 53
2000 and Under 84
3000 and Under 96

Comparison of the above data with that available for other heli-
copters is shown in Table III. The CH-53A and CH-54A appear to differ
distinctly from other helicopters in operations and exposure to ground
fire, based on percent of sorties hit at altitudes over 1000 feet.
Despite the small sample, the HH-53B proved identical to the HH-43
rescue helicopter in this respect.

Table III. (C) Comparative Altitude Data for Various Helicopters (U)

Percent Hit at

Aircraft Type Main Role Service Altitudes Over
1000 Feet
CH-53A Cargo, Troop Transport Marines 47
CH-54a1 Cargo Army 64
cH-3433 Troop Transport Marines 14
CH-472 Cargo, Troop Transport Army 8
3
CH-46 Cargo, Troop Transport Marines 9
u-10* Cargo, Troop Transport Army 9
UH—IB/C4 Fire Support, Recon Army 7
OH-13 § 23S Recon Army 5
a-16° Fire Support Arny 22
HH-538B Rescue USAF 14
HH-43 Rescue USAF 14
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Pata on average nunbers of hits per sortie it by altitude band

were obtatned trom the data an dabtes €1V and C-V, and are prosentad
e bable C=V the overall average of 2,02 Bits per sortie it s quite
Tow tor o helreopter the <aze of the U/ S5, comparing closely to like
averages tor soelbor heticopters, Part of the reason for this seerangly
on erage 1s because these aireraft (predomtnmantely CH=53A" 40 were
“ore arten at comparatreely hagh altitudes when the majority of hats
ocvurred, Noraal operating altitade ranges for CH-53A helicopters are
avidenthy o auch hagher than those for smaller helicvopters when engaging

wrourd fire an therr respective missions,

The =mner i which thas tactor apparently contributes to the
loweriig of the average nuaber of hits can be seen in Table C-V1, A
muoerity ot acidents occurring at lower altitudes involved many hits,
Flving withia 100 {eet above the ground, the aircraft averaged 5 to 4
hits per 1ncident; between 500 and 750 fect the average was over threc
hits per incident, Conversely, averages for altitudes above 1000 feet
start at 1,97 and decline to 1,40 for altitudes over 300C feet (exclud-

ing HE fragment hits).

Tables C-VII[ and C-VIII present sorties hit and total bits, re-
spectively, correlated with reported airspeed information, with over
three-fourths of the reports providing these data. The CH-53A's and
iiH-538's were often travelling at relatively high speeds when hits
occurred, Thirty percent were operating at 101 to 150 knots. Nine
percent were hit while at zero airspeed. Trends for total hits were
similar. The distribution by airspeed for average number of hits per
sortie hit is presented in Table C-IX, and shows an expected decline
with increases in airspeed. This value ranges from 4.3 hits per
tncident at zero airspeed to 2.0 hits at 101 to 150 knots.

t was established that these aircraft were more often hit at
altitudes above 750 feet (or most often, in the altitude band of 1001
to 1500 feet), and, independent of these data, the most often reported
sirspeeds were 101 to 150 knots, Table C-X presents distribution of

<4
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sorties hic by caliber ,30 weapons, in combinations of altitude and
arrspeed, Associated data for total hits are presented in Table C-XI.

A chech of this distribution shows that under each airspeed band (except
2ero hnots) a clear majority can be found listed for the altitude band
of 1001 to 1500 fect., ‘The most often reported speed rangs of 101-150
hnots shows a concentration of cases for altitudes of 750 to 1500 feet,
Thus, for caliber .30 incidents it can be shown ihat the Ci/HH-53 was
usually flying at 101 to 150 hnots and 1001 to 1500 feet altitude, in

that combination, when hit,

Comparable data for caliber .50 incidents-arve shown in Tables C-XII
and C-XIII, but the small sample size precludes any significant inter-
pretations, other than noting a trend toward the higher altitude/speed

combinations.

{CONFIDENTIAL) 4, THREAT

Reported or estimated threat is incorporated in much of the
discussion throughout this report; however the detailed information on
threat is concentrated in Appendix D. Bullet or projectile size was
ascertained or estimated in virtually all reported cases; general type
of weapon was also reported in a majority of cases. Distribution of
the threat ouservrd in the 34S sorties hit is presented in Table D-I;
eighty-six percent caliber .30 only; 7.0 percent caliber .50 only;

4.3 percent fragmentation devices; and the remaining percentage mixed
threat incidents. Including the overlapping from mixed threat incidents,
88.4 percent of the total sorties received caliber .30 hits, 8.4

percent of the total received caliber .50 hits, and 5.2 percent of the
total involved hits by fragments from explosive projectiles.

Within the caliber .20 category, sorties hit by rifles appear to
outnumber those hit by automatic weapons by a factor of almost three
to one; however, weapon type was not specified in almost 40 percent of

the caliber .30 cases.
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Lable D11 presents the disrpmbution of total individual hits by
threat,  Caliber (30 weapons caused 78 percent of the total hits, und
caliber Jo0 weapons caused 12 percent,  The rematning ten pereent were
caused by frageents from eaplosive rounds and an AAA projectile wir-

burst,

Fubles D-111 and D=1\ present monthly sorties hit and total hats,
respectively, for cach ot the weapon types.  Tor most of the 30-month
study, the number of aircratt was maintained relatively constant, but
the muaber of sorties hit varied erratically. ‘Two-thirds of the total
vases veeurred during the second haltf of 1967 and the first halt of
1308, The first quarter of 1968 and 1909 involved relatively numerous
cases involving caliber .30 and .50 weapons; the second quarter of
1908 and the first quarter of 1969 involved 11 of the 19 total HE

projectile incidents,

Quarterly totals of caliber .30 incidents increased steadily
through 1967, to a high of 58 cases during the first quarter of 1968.
Quarterly totals of caliber .30 incidents declined since that time to
a low of 10 cases for the last quarter in the reporting period. Un-
fortunately, a comparable decline in caliber .50 incidents was not
realized; thirtv-eight percent of the total caliber .50 incidents

occurred in the last 6-month period of the study.

As stated previously, the overall average number of hits per
sortie hit was 2.42, Table IV shows specific averages for the various

weapons over the period of study.

Table IV. (C) Average Number of Hits per Sortie Hit by Weapon

Type (U)
.30 & HE ALL
Cal. .30 cai, .50 .20 CRACMENTS WEAPONS
1967 1.93 3.00 1,95 1.50 1.96
1968 2.24 2.73 2.29 8.38 2,64
1969+ 2,38 4.27 2.77 2.11 2.96
* First half only,
26
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These data indicate a general growth .n the number of hits received

in an average encounter with all reported cnemy weapons.

For all sorties hit, hit multiples were as follows:

Number of Hits Percent of Sorties
1 58
lor2 77
1, 2or 3 85
S or less 91
over 5 9

Table D-V presents hit multiples versus threcat. With very few
exceptions, in cases where more than one hit occurred, if sufficient
damage occurred to produce an adverse aircraft reaction, only one of
the hits was responsible for the reaction. Over half (58 percent) of
all the reported cases involved only one hit; another 19 percent in-
volved two. The highest number of hits in one incident for fragments was
27, occurring all at once. The highest number of hits by bullets in one
incident was 19 (caliber .30) and two other incidents involved 18 (one
caliber .30 incident and one caliber .50 incident); however, in all
three, an initial hit(s) caused a forced landing which results in
additional hits while on the ground.

The large majority of multiple hits came from caliber .30 weapons.
The percentages of multiple-hit incidents achieved by each separate
threat roughly approximated the percentage of occurrence for that
threat (from Table D-I); i.e., caliber .30 weapons were encountered in
88 percent of the reported cases and obtained 81 percent of the
multiple hits; caliber .50 weapons were encountered in 8.2 percent of
the incidents and achieved 8.6 percent of the multiple hits. 1Lt is
noteworthy that the caliber .3G "unknown weapon' group achieved a
respectable number of multiple hits and probably included a high
proportion of automatic weapons.

27

CONFIDENTIAL




CONFIDENTIAL

Table D-V1 presents hit multiples versus flight phase. The prob-

ability of multiple hits was somewhat higher tor operations close to

the ground; however, no large contrasts are sven wmong the individual
tlight phases in tendencies to receive high numbers of hits, Of the

42 percent of the total cases to receive multiple hits, the majority
were hit “eq route” (48 percent received multiple hits while en route at
L0 feet or less, and 39 percent received multiple hits while en route
over OO0 teet), Two-thirds of the cases hit while hovering were hit by
multiple hits, but fortunately these cases amounted to only 3,5 percent

of the totul sorties hat,

Reported enemy weapon range data is tabulated in Table D-VII. Un-
‘ertunately, range was reported in less than one-fourth of the reported
cases, No significant observation is possible at this time other than
noting that observed ranges from 50 to 200 meters predominated. No
hits werce reported from a range of 50 meters or less. Better reporting
of range estimates would have been valuable to a threat analysis, but
most report formats do not include a requirement for this information.

Direction-of-fire data were reported for about one-third of the
individual hits reported; these data are presented in Table D-VIII,
The general patterns of direction-of-fire data for caliber .30 weapons
and for caliber .50 weapons are reasonably consistent with that for
total hits, which is plotted in an azimuth presentation in Figure 3.
By quadrant, the right side of this helicopter received 42.9 percent
of the total hits and the front received 30,4 percent; the left side
received 16.5 percent and the rear received only 9.3 percent. The re-
latively high proportion of hits reported at 3, 4, and 11 o'clock
positions are not the results of one or several cases involving a great
many hits, but were accumulated through mwicidus tascs. The reacons
for this predominantly right-side and frontal distribution are not
apparent within the scope of the data reported. It could be suggested,
however, that the location of the pilot and personnel door on the right
side possibly affects the manner in which all models are maneuvered in
the vicinity of the landing zome, & frequent source of ground fire.
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OF TOTAL HITS, 32.85 % OF HITS WHILE AIRBORNE.

Figure 3 (C). Distribution of Reported Hits by Direction (U).
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Further, USAF models carry the rescue hoist over the personnel door,
requiring disengagement of the right side gun during rescue pich-ups,

while the letft and rear guns remain available for suppressive fire.

Distribution of hits by aircraft section or compartment is pre-
sented in Table D-IX and in Figure 4, The actual distribution observed
for the various threats is compared to the predicted distribution,
assuming a uniform pattern of hits distributed by presented area.

This hypothesis appears correct since reasonably close correlation be-
tween expected and actual distribution is exhibited. Similar correla-

tions were obtained for the individual weapon types,

Studies on many other helicopters have virtually 21! yielded the
same results; hits are uniformly distributed and do not reflect any

concentration due to aiming or other factors,

(CONFIDENTIAL) 5. HITS AND RESULTS BY SYSTEMS AND COMPONENTS

Many of the hits reported for the CH-S3A and HH-53B helicopters
caused inconsequential damage to skin and structure; however 287 (out
of the 834 total) reﬁbrted damage to systems, equipment, and components.

These hits break down as follows:
Number of Hits

Main rotor blades 128
Fuel System 32
Engine Compartments 29
Hydraulic Systems 18
Equipment 1€
Transmission System 13
Electrical System 11
Mechanical Controls 8
Avionics 8
Armor 8
Tail Rotor Blades 6
Instruments S
Landing Gear S

TOTAL 287
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The hits are classitied by system in Appendix E. A discussion ot

each category tollows:
5.1 tuel Svstem

the CH-53A (and HH-538) fuel system, shown in Figure S, consists
of two suction-type fuel systems with cross-feed provisions. The two
main tfuel cells, each with a capacity of 311 gallons, are housed in the
sponsons, The lower third of each cell is caliber .30 self-sealing;
all lines and fittings arc at the top to minimize potential leakage.
Manual fuel control valves allow fuel to be drawn from either or both
cells for direct or cross-feed engine supply. An engine-driven fuel
boost pump on each engine accessory gearbox draws the fuel from the
cells (under a suction head in the supply line) and delivers fuel with
a positive head to the engine main fuel pump. I[f either or both
engine-driven boost pumps fail, the engines are capable of continued
operation, For range extension, non-self-sealing auxiliary fuel tanks
are installed in the cabin. In addition, the HH-53B is fitted with
a refueling probe; left and right drop tanks, and associated lines.
HH-53B main fuel cells are completely caliber .50 self-sealing,

Fuel system hits are summarized in Table E-I., There were 25

cases involving 32 fuel system hits.

Key to Figure S

1. Hand PumpDrainLine 10. Right Fuel Selector 20. Tank Pressure 27. Froot Tank Vent (Left)
2. Hand Fuel Pump Valve Line (Left) 28. Tank Pressure Line
3. Engine Supply (Right) 11, Front Tank Vent 21. Tank Precheck (Right)
4. Right Fuel Boost Pump 12. Right Fuel Cell Line (Left) 29. Left Fuel Selector
S. Pressure Refueling 13. Rear Tank Vent (Right) 22. Pressure Refuelin: Valve

Line (Right) 14. Scupper Drain (Right) Line (Left} 30. Left Fuel Boost Pump
6. Tank Pressure Line 15. Rear Tank Venr(Leim) 23. Tauh Frevikcklini 33, Mu2l Cogine Drohas

(Right) 16. Left Fuel Cell (Right) (Right)
1. Fuel Pressure Switch 17. Fuel Gaging Probes 24. PressureRefueling 32. Vent Outlet (Water
9. Tank Precheck Line (Left) Panel Operation)

(Right) 18, Scupper Drain (Left) 35. Heater Feed Line 33. Cap(Anti-Siphon Valve)
3. APP Feed Line 19. Pressure Refueling (Right) 3. Vent Qutlet (Normal

(Right) Line (Left) 28. Engine Supply Line Operation)

32
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A total of 19 hits (all caliber .30) were tuken in the self-sealing
matn fuel cells, occurring in a total of 16 cases, Details regarding
resultant ledhage were generally lacking; however, the helicopters con-
tinued performing their missions in 14 of the cases, including one case
involving two such hits. One case (single hit - Case 8009Y) resulted
10 4 mission abort; another (Case 80008) involved three hits on the
main fuel cells and three additional hits on the drop tanks (the air-
craft was a USAF HH-53B) resulting in a mission abort when all fuel was
lost from both Jdrop tanks, The main cells, however, lost very little

1f any tuel.

in addition to the above three hits on drop tanks in Case 80008,
one more hit on a drop tank was reported. It too caused a mission abort
(Case "0101) when part of the tank fuel load was lost. It is interest-
ing to note that Case 70101 involved additional fuel system damage in
the form of a pierced fuel supply line for one engine which was

operating under suction conditions and did not leak significantly®.

The second incidence of dinage to a fuel supply line was reported
in Case 90020 and led to a forced landing (after flying on 2 singie-
engine power to a secure area) after a caliber ,30 bullet passed
through the line and caused the number one engine to fail hrough fuel

starvation,

Damages to a fuel transfer line (probably empty), a fuel vent
line (obviously empty of liquid), a fuel line of unspecified function,
and a fuel heater line were incurred without adverse affect. The

latter was reported to be bent, but not punctured.

Thito gasos 2€ damage tn unspecified fuel system components, in-

BIlAN W Swwww =

cluding one by a caliber .50 bullet, were reported as leading to forced
landings. In one case, the fuel indicator 'went to zero," but no
further details are available on any of the three incidents.

T — S ————————

#In view of vulnerability test results on a T64 engine operating with a

simulation of this system, this line must have sustained a very small

cut, possibly by shrapnel and not by the bullet, or cross-feed pro-

cedures were employed but not mentioned in the report. ;
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buring the reporting pertod ne in-tright tires were reported as
resulting directly tfrom a bullet o tragment iqpact on the ¢4-53A or

=538 helicopters.

5.2 Engines

Powerplants ftor the CH-53A und HH-33B helicopters include two each
fod turboshaft engines. There is no significant difference in outwurd
dppearance between the T64-3 engine used on the HH-53B und the -6 or
-12 models used in the CH-33A, Figure o shows 2 left-front view of the

fod-6 engine,

A

Figure 6, T64 Engine

The T64 engines incorporate a variable-vane compressor, a two-
stage gas generator turbine, and a two-stage power turbine. Output
power is transmitted from the power turbine by means of a through-shaft
which tuns the length of the engine and protrudes out of the front of
the inlet frame to drive a torque shaft, Both engines on the heli-
copter are identical and interchangeable. An oil tank holding 2.8
gallons of MIL-L-23699 oil mounts over each engine inlet frame; oil
for each engine is cooled by an engine/nose gearbox oil cooler located

beside the respective inlet duct.
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Pach engine 1s protected from sand and dust ingestion by an Engine
e Particle Separator (EAPS) unit fitted to the inlet duct, A high-
rate, discharge-type fived fire extinguishing system provides u means
ot extinguishing fires in either the left or right engine compartments
apon selection and actavation by a cockpit selector switch and control
nandles  Latinguashing agent 1s bromotrifluoromethane (CFSBr). Armmor
t~ 1ncorporated into the outboard nacelle panels to partially protect

the engines trom ground-tfire impacts,

there were 25 reported cases with 29 individual hits on the engine
compartnent (lable k-11). Five caliber .30 bullet hits in the engine
tar! pipe and nmine hits against the cowling were of no conscquence to
cgzine tfunction,  Caliber .30 bullets struck the EAPS units on four
separdate occasions without causing degradation in engine performance;
owever, ingestion of debris from the wall of the EAPS unit caused
ainor foreign object damage to the compressor in each instance.

The only reported case involving engine oil system damage was
¢ase 70220 in which the number one engine was shut down after a caliber
.30 bullet passed through the cabin and struck the engine/nose gearbox
o1l cooler fan belt and idler gear, severing the fan belt, Flight was
continued on the number two engine and no adverse reaction was reported
(although the mission may have been accomplished before the hit

occurred).

Detailed description of the damage by the remaining ten engine
compartment hits is not available, These hits were incurred in eight
scparate incidents. In two, failure of the damaged engine resulted
after single hits; in four, no loss of power resulted after single
hits, or, in one case, after two caliber .30 hits on the same cngine;

in two, resultant power degradation, if any, was not reported.

The six cases not resulting in power loss, or with no power loss
specified, did not lead to an adverse reaction, however; both of the

above cases involving engine failure resulted in forced landings:
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Case 80U0b involved mmber-one engine tailure on an 1H-538 when 1t was
struch by a caliber .30 bullet, and the landing was accomplished i
secure landing zone arter continued tlight on the number two engine;
Case 90043 involved failure ot the number~two engine on a CH-53\ when
it was struck by a caliber .50 bullet while entering the landing zone;

the aircratt was landed at that location and recovered later,

According to reports, at least five of the nine hits on the engine
compartment cowling struch the engine armor plates. The plates reported-
1y stopped six caliber .30 bullets and two AAA projectile fragments
vtfectively; one caliber .50 armor piercing (AP) bullet came from below
and went through the edge of an armor plate at station .98 but missed
the engine, Hits on armor protection are discussed in morc detail in

section 5.13 of this report.

S.3 Transmission Svstem

The transmission system transmits engine torque to the rotary wing
(main rotor) and rotary rudder {tail rotor) heads. It consists of two
nose gearboxes, Auxilia.y Power Plant (APP) clutch assembly. accessory
gearbox, main gedarbox, intermediate gearbox, tail gearbox, and inter-
connecting drive shafts. In addition, two engine/nose gearbox oil
coolers and a main gearbox oil cooler are incorporated. The system is

illustrated in Figure 7.

Power transmission originates at the forward end of the engines.
The engine drive shafts (13,600 RP M) transmit power through the nose
gearboxes to the main gearbox and power drive belts for the engine/nose
gearbox o0il cooler fans, The nose gearboxes reduce the shaft speed to
6023 RPM for main transmission input., The main gearbox provides the
remaining gear reduction for the main rotor shafi tc 18 RPM 2nd 2 gear
reduction for the tail drive shaft to 3011 RPM. The main gearbox drives
the main gearbox oil cooler, first stage hydraulic pump, oil pump, and
the accessory gearbox. The accessory gearbox is mounted forward of the
main gearbox, Two generators and the APP clutch are mounted on the
front cover. The winch utility pump and second stage hydraulic pump
are mounted on the rear side of the housing.
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4
The tail rotor drive shaft transmits torque trom the main gearbox
through the disconnect coupling to the intermediate gearbox, reducing
speed slightly to 2298 RPM and turning the angle of drive by approxi-
mately 60 degrees, [lhe tail gearbox provides the remaining gear re-
duction for the tail rotor to 791 RPM and a 90 degree change in drive

direction,

Lubricating oil tor the above gearboxes is MIL-L~23699 oil. Main
and nose gearboa lubricant is radiator-cooled; the others have no
external cooling provisions, Although each engine and the correspond-
ing nose gearbox share a common oil cooler, oil flow tor each is

separated within the radiator,

The APP drive shaft is fabricated from steel tubing; the other
drive shafts are aluminum tubing, Each input shatt for the main trans-
mission incorporates a freewheel unit which automatically disengages
both engines during autorotation or one engine for single-engine

operation in the event of an engine failure,

There were 12 reported cases with 13 hits on the transmission
system, Five combat damage reports cited a total of six hits on the
main transmission, In Case 80044 a caliber .30 bullet penetrated the
transmission and caused a small oil leak; no adverse reaction resulted.
In Case 80164 a caliber .50 bullet struck the transmission; damage was
not specified, but the aircraft continued on its mission, In Case
80155 a caliber .30 bullet entered the dottom of the aricraft and
struck the bottom of the transmission, apparently failing to cause an
oil leak or other significant dauage; this aircraft also continued on
its mission. In Case 80101 a caliber ,30 bullet punctured the trans-
missiol casing and caused a small oil leak; the aircraft was landed
and a patch was improvised, whereupon the mission was resumed without
further difficulty. Two hits were registered by fragments from an AAA
projectile in Case 80045 and led to a mission abort; one fragment hit
a transmission mount and another gouged the casing after striking a
second-stage hydraulic pilot valve body. The transmission damage was
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minor but the mission was aborted due to hydraulic system damage and

tailure,

Caliber ,30 bullets struckh the tail rotor drive shaft on four
occasions without causing critical damage., In each case the aircraft
continued on its mission, One report cited complete penctration of
the shatt, another described the damage as a dent one-quarter inch

Jdeep at station 719, Damage was not described in the other two cases.,

Caliber .39 bullets struch the transmissior input shafts in two
cases, causing similar damage. In each case the bullet hit the drive
shatt coupling and shattered, In Case 70215, ae impact caused two
1/4-inch cracks in the transmission and a bullet fragment made a small
cut in a first-stage hydraulic line; this aircraft continued on its
mission, In Case 70237 the bullet fragments severed a first-stage
hydraulic line, causing pressure loss which led to a precautionary
landing.

The intermediate tail rotor gearbox was hit by a caliber .30
bullet in Case 70112, 0il splashed out of the gearbox and the "chip
light" came on, but the aircraft continued to fly and was grounded

upon return to base,
5.4 Main Rotor

Each of the six main rotor blades consists of an aluminum spar,
26 sheet aluminum pockets, an aluminum tip cap and root cap, and a
steei cuff which attaches the blade to the rotary wing head., Approxi-
mately one-half of the 26-inch chord is occupied by the spar. The
spar is pressurized with nitrogen, and a pressure indicator at the
root end of the blade serves as a fault detector.

CH-53 and HH-53 main rotor blades were hit more than any other
system - a total of 128 times. Caliber .30 bull'ets were responsible
for 121 of the hits without directly causing any adverse reaction,
Of the eleven caliber .50 hits on the main rotor blades, two occured
in Case 90044 and, combined with 16 othér caliber .50 hits on the
aircraft, caused a forced landing (recovered later); the remainder,
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including three in one incident, did not cause mission interruption.
Two hits by fragments from an AAA projectile did not degrade flying
ability in Case 80045; however other damage combined tu cause a mission
abort in this instance. Single hits by mortar fragments occurred on
three occasions without adverse effects. Damage to a main rotor blade
by a single mortar fragment was involved in a mission abort, but the
actual cause of this reaction was the intensity of the ground fire
(Case 90010); the blade damage in this case did not hamper further
flighe,

Presunably 128 total hits on main rotor blades created a signifi-
cant workload for the maintenance crews; however, none, including
caliber ,50 hits in the spars,were reported as detrimental to flight
capabilities for return flights, Two cases involving single impacts
by caliber .50 bullets were known to cause grounding of the aircraft
((H-53A S/N 151693 in both instances), and many of the ccher incidents
may well have had similar results,

5.5 Tail Rotor

Each of the four rotary rudder blades consists of a hollow aluminum
spar, and pockets constructed of sheet aluminum skin with reinforced
aluminum ribs, an aluminum root cap, and a steel cuff. They mount to
the rotary rudder head which is driven by the horizontal shaft of the
tail gearbox, Pitch changes are accomplished through blade links by
movements of a shaft through the tail gearbox.

No hits were reported involving the tail rotor head, Six hits
were taken by tail rotor blades without affecting flight or mission.
These included five hits by caliber .30 bullets and one by caliber .30.

5.6 Mechanical Control Systems

The flight controls consist of the collective, cyclic, and
directional systems, comprising a series of push-pull rods, bellcranks,
servos, pulleys, and cables which transqit control movements of the
collective and cyclic sticks (vertical and lateral direction) and the
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rudder pedals (heading control), Layout of these components is
llustrated in ligure 8. Dual controls are provided. Automatic flight
control can be accomplished by the Automatic Flight Control System
(AFCS) and fine adrustments in collective and cyclic control are made
by ousing «ich trim system which operates through the AFCS. Con-

trol power  Laat is accomplished hydraulically.

The copilat's collective stick, cyclic stick, ind rudder pedals
ire mechanicatly linked to those tor the pilot, Stick and pedal
contral movertent is transmitted by a push pull system through
individual AFCS servocylinders for power 2ssist and intc the mixing
anit. The mixing unit coordinates the cyclic and collective inputs
‘nto control ncvements at the hydraulically actuated primary rotary
wing tandem servocylinders, which position the main rotor swashplate
to regutate blade pitch, \ovement of the directional control pedals
is transmitted through an AFCS servocylinder and the mixing unit to a
control quadrant and cabie system, which regulates the hydraulically
sctuated rotary rudder servocylinder, through additional push-pull

rods and bellcranks.

pamage — all by bullets — on mechanical control components was
reportcd in only seven cases and involved a total of eight hits. (One
additional case involved a hit on a flight control servo, a hydro-~
acchanical component, which is discussed in the next section under

hydraulic system damage.)

The single hit occurring in Case 80003 resulted in non-critical
damage when a caliber .30 bullet struck the bottom of the cockpit,
travelled through the avionics platform, and expended against the
torgque tube connecting the cyclic sticks. The impact, occurring while
the aircraft was 1600 feet above the ground, caused 3 3/16-inch deep
Jent in the tube and stung the copilot's hand. The aircraft continued

on its mission,

One of the caliber .50 API bullets encountered in Case 80012
grazed the right side rudder cable and cut two of the seven wire
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strands.  Lhe cable remaned operational and the flight was continued

without intervuption,

Mree reports cited push-pull rod damage. Case 80015 1nvolved a
caliber .30 bullet creasing a section of the tail rotor control rod.
lhe rod remained operational, but the mission was aborted for other
reasons.  ln Case 80054 the aircraft was hat by several caliber .50
bullets while on approach. One round entercd the forward compartment
and caused 90 percent severance of two control rods. Under partial
jo=s of control, the arreraft was forced to continue the landing
maneuver 1n an accelerated manner, landing with wheels up. M antenna
ang fuselage shin damage was cited, but no further details were
reported. In the third incident, Case 90027, two control rods were
Jamaged by separate caliber .30 bullets while the aircraft was in a
lunding approach 60 fect above the ground. The landing was completed

{a forced landing) successfully but no damage details were given,

Finally, in Cases 80105 and 90044 unspecified mechanical control
components were hit. In the former, damage by one caliber .30 bullet
caused the mission (sling load delivery) toc be aborted. In the
latter case, damage was caused by one of a total of 18 caliber .50
hullets hitting the aircraft. A forced landing resulted, with damagcs

to several systems listed as cLuses.

Cases involving mechanical control system damage are summarized

in Table & III.

5.7 Hydraulic Systems

Power assistance for flight control is provided by three hydraulic-
ally independent systems:

a, The first stage hydraulic system provides power to the top
(outboard) cylinders of the primary tandem servocylinders and the out-
board cylinder cf the rotary rudde - tandem servocylinder. It consists
of a reserveir, mounted in the left side of the main rotor pylon
forward of the main gearbox; a 3000 psi discharge pressure pump, mounted
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on the main gearbox accessory drive; manifold, filter, shut-off valve,
pressure reducer, check valves, restrictors and associated lines.

First stage hydraulic pressure is supplied to the primary tandem servo-
cylinders at 3000 psi; a pressure reducer supplies 1500 psi pressure to
the rotary rudder tandem servocylinder. The first stage system is
electrically connected by a pressure switch to the second stage system
to prevent shut-off of an operational system if the other experiences

4 'loss of pressure,

b. The second stage hydraulic system provides power to the bottom
(inboard} c¢ylinders ot the primary tandem servocylinders, to one stage
of the forward-and-aft AFCS servocylinder, to one stage of the lateral
troll) AFCS servocylinder, and to the single stages of the directional
{yaw} and collective AFCS servocylinders, It consists of a reservoir
mounted in the right side of the main rotor pylon forward of the main
gearbox, a 3000 psi discharge pressure pump, (identical to that for
the first stage, system, but mounted on the accessory gearbox), mani-
fold, filter, solenoid valves, pressure reducer, check valves, re-
strictors, and associated lines., Second stage hydraulic pressure is
supplied to the primary tandem servocylinders at 3000 psi; a pressure
reducer supplies 1000 psi pressure to the AFC3 tandem servocylinders.
The second stage system has identical electrical connection and pres-
sure switch provisions as in the first stage system to protect against
shutdown if the other system loses pressure,

¢c. The utility hydraulic system provides flight control power
assistance to the inboard cylinder of the rotary rudder tandem servo-
cylinder, and to the remaining stage in the forward-and-aft and the
lateral AFCS tandem servocylinders. It consists of a reservoir
mounted forward of the main gearbox, a 3000 psi discharge pressure
punp located on the accessory gearbox, a manifold, filter, shutoff
valve, pressure reducers, and associated lines., Pressure reducers
supply 1000 psi pressure to the AFCS servocylinders and 1500 psi pres-
sure to the rotary rudder tandem servocylinder, If pump pressure
falls to less than 2000 psi, a pressure-operated priority valve
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within the utility hydraulic manifold closes to assure servocylinder

operation 1n preterence te other systems powered by the utility system,
\ functional arrangement of these systems is shown in Figure 9,

In addition to the above flight control functions, the utility
hydraulic system also provides hydraulic power for the following
~ystems: blade told, pylon fold, wheel brake, landing gear, overhcad
door and ramp, engine start, cargo winch, and auxiliary powerplant
Ve,

bach ot the flight control primary tandem servocylinders censist
of two independent covlinders, but sharing a common housing, piston
shatt, and input linkage. The top (outboard) cylinder and bottom (in-
board) cyvlinder are powered by separate hydraulic systems, with each
system capable of nomal operation without increase of control forces
it the other system is not operating., Bypass valves interconnecting
both stages of the power piston preclude hydraulic lock under these

circumstances, allowing the unit to act as a mechanical link,

The AFCS forward-and-aft and lateral servocylinders are tandem
units also. Both stages of each servocylinder share a common input
and a common stop eliminator, If a servo valve should bind, « shear
»n in the linkage shears and allows the alternate stage to operate,

with separate bypass valves incorporated for each stage,

Each hydraulic system incorporates a pressure indicating system.
Warning of pressure loss is accomplished by illumination of cockpit
warning lights signalling "1ST STG SERVO OUT" (for first stage
hydraulic system failure), "2ND STG SERVO OUT" (for second stage
hvdraulic system failure), and "2ND STG TAIL ROTOR SERVO" (for utility

syvstem failure),

Table E-IV presents a summary of reported hydraulic system hits.
There were 18 such hits, and all but three produced leaks. Two inci-
dents of hydraulic system damage each involved two hits on separate
~omponents; therefore, the total incidents of hydraulic system damage
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was Lo, Just under one-third (3) of these incidents produced adverse
reactions:  two mussion aborts and three forced lundizgs. (One air-

cratt was not recovered,)

S.701 birst Stage Hydraulic Systenm.  The first stage hydraulic

system was hit twice and both hits led te forced landings with the
arpcrdatt being recovered later, One hit sovered a line and the other

damaged an unspecified component,

In a third incident, loss of pressure in the first stage system
anc uttlity system led to an emergency forced landing in enemy

teratory, trom which the aircratt was never recovered,

ihe case involving a4 broken line on a CH-53A (Case 70237) resulted
frem secondary damage by a fragment generated when a nearby drive shaft
coupling was struckh by a caliber .30 bullet. Loss of pressure caused

a precautionary forced landing.

In the second case (Case 80064) a CH-53A was hit by a caliber ,30
bullet while at an altitude of 2200 feet during a rescue mission, and
the crew chief observed a fire in the tail section, Reversing course,
the pilot began to descend as first stage hydraulic pressure fell to
zero, Then intense fire was received from the intended landing site,
and the approach was aborted. A second landing site 500 meters away
was chosen and the landing gear was lowered. Just prior to touch-
down, all control system response appeared to be lost, and the air-
craft rotated 90 degrees to the right. The aircraft was then secured
and evacuated. The reported fire was apparently minor and did not
last significantly lorg. The helicopter was later recovered.,

In the third incident (Case 90054) a HH-53B was en route from a
rescue pick-up when it was hit by a 37mm projectile on the left side
above the ramp. The projectile exploded, mangling the rear gunner's
leg and tearing a large hole in the opposite side of the fuselage. A
caliber .30 bullet hole in the floor was also noted, Utility hydraulic
pressure was lost immediately, followed minutes later by loss of first
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stage pressure, and tail rotor response was lost, At the time, altitude
was 150 feet AGL; indicated sirspeed was 150 knots. Flight continued
one-guarter mile and intu a 90 degree left turn in preparation for a
landing in a clearing, and a shallow normal approach was made with
"little or no collective or rudder changes necessary," After flare as
power was eused on, the aircraft began a slow right turn (although full
lett rudder was applied), Touch-down was smooth at five knots ground
speed and the aircraft rolled about 200 feet down a gentle slope before
being stopped with aft cyclic and non-powered brakes, The crew and
survivor were quichly rescued by another li-53, but the damaged air-

craft was not recovered due to its location,

5.7.2 Second Stuge Hvdraulic System. The second stage hydraulic

system was hit three times in two incidents, resulting in one forced

landing and one mission abort.

In Case 80045, fragments frca an AAA HE projectile struck a second
stage servo and a line, Damage to the servo did not produce a leak, but
the line was punctured and second stage hydraulic pressure was lost,

The mission was aborted, but a safe return flight followed.

In Case 80081, one of 30 hits by caliber .30 hullets damaged an
unspecified hydraulic sys*em component(s), with subsequent loss of
second stage servo pressure and fluctuating first stage servo pressure.
The pilot was forced to land at a nearby friendly position, where
emergency repairs were performed before a return flight was accomplished.

5.7.3 Utility Hydraulic System. The utility hydraulic system was
damaged by ten hits in a total of nine incidents, A single mission

abort was the only adverse reaction resulting from damage to this
system, Utility hydraulic pressure was lost when damage occurred to
the utility hydraulic reservoir and heat exchanger, and also lines
serving ramp actuators, APP, cargo winch, and landing gear brakes; how-
ever, flight and mission were not affected by the damagc. The mission
abort came about when a caliber ,30 bullet struck and penetrated the
tail rotor tandem servocylinder; however, a safe return flight
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(distance unknown) was accomplished with first stage hydraulic power

operating the outboard unit in the damaged tandem servocylindere,

5.7.4 Other Hydraulic Systems. In addition to the above, damage

by a caliber .50 bullet was reported occurring to an unspecified com-
ponent in an unspecified flight control hydraulic system. The incident
(Case 90023} resulted in a forced landing in the field, but hydraulic

systen damage was not the primary cause.

One additional incident is included in the category involving
hydraulic system damage; however, flight controls were not involved,
In Case 80014 a caliber ,30 bullet struck the hydraulic reservoir serv-
ing the main rotor brake and caused a loss of fluid. The main rotor
brake does not include pump-pressurized components, and therefore, the
damage had no effect on flight or mission,

5.8 Electrical System

Table E-V presents a summary of electrical system hits. There vere
eleven hits in a total of ten incidents. Eight of the eleven hitg
caused Jamage to wiring alone. The pilot's and copilot's circuit
breaker panels were each hit once and another hit damaged an unspecified
electrical compartment, All hits were caused by buliets.

In eight of the ten incidents, the damage did not affect flight or
mission. The other two incidents invol&ed a mission abort and a forced
landing; however, these reactions were caused by damage to other
systems, and the electrical system damage (severed intercom wires and
AFCS wiring) was not sufficient cause in itself to produce an adverse

reaction.

$.9 Avionics Systems

Table E-VI presents a summary of the eight reported hits in this

*  Similar damage was reported occurring to a (H-54 Flying Crane, which
incorporates basically the same flight control hydraulic systems. Among
other damages, a tail rotor hydraulic line was cut. After the pressure
and return lines in the affected system were blocked off, the aircraft
was capable of flight to home station for further repairs.
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category, hour produced damage to antennae and couplers; four others
hit the radio compartment, In all cases, tlight was continued and the

missions were completed,

5.10 Instrument Svstems

Table E-VIL presents a summary of results from hits on instruments,

Five hits were reported,

In Case 70266, one of six bullets hitting the aircraft shattered
the copilot's torque meter and cruise guide, without affecting flight

Or mission,

In Case 80008, wide-spread damage by 22 individual caliber .30
buiiets caused a mission abort., Instruments damaged in this encounter
included the pilot's directional indicator and radar altimcter, the
J-4 compass, and the doppler radome, Damage to these components was

not critical during the return flight,

5.11 Landing Gear System

Table E-VIII presents a summary of five hits on the landing gear
svstem, Bullets deflated a nose gear tire and lodged in a nose gear
wheel, and perforated main and nose gear struts without causing mission
problems or being detrimental to landings upon return., The landing
gear in these cases functioned normally when lowered for landing.

(A wheels-up landing was reported in Case 80054, but was not
caused by damage to the landing gear. The incident resulted in antenna
and fuselage skin damage and was caused by a hurried forced landing
after control rods were damaged by ground fire. Refer to Section 5.6

for discussion,)

5.12 Miscellaneous Equipment

Table E-IX presents hits on miscellaneous equipment on board the
aircraft. None of these 16 hits caused an adverse reaction,
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5.13 Armor

The USMC Ci{-S3A is equipped with DPSA-2 dual property steel
(MIL-S-46099) pilot's and copilot's seats and DPSA-2 armor panels
intended to protect the compressor and accessory section of both
engines and the flight control hydraulic reservoirs. Figure 10 shows
CH-53A armor panels,

The USAF HH-53B is fitted with the same DPSA-2 pilot's and co-
pilot's seats as on the CH-S53A. Engine and hydraulic reservoir armor,
however, are 6AL4B titanium sheet, (MIL-T-46077). Additional titanium
armor plates are provided to protect numerous other critical components,
including: 1lube o0il coolers, main and accessory transmissions and
intermediate gearboxes, primary AFCS servocylirders, flight controls,
directional controls, and fuel cell sumps, In addition, titanium panels
are installed in the lower nose and cockpit floor. Figure 11 illu-

strates this configuration,

All CH-53A and HH-53B armor is designed to protect against caliber
.30 Ball bullets, It is suspected that the seat, engine, and reservoir
armor was installed on CH-53A's upon or shortly after introduction in
RVN. HH-53B armor was installed at the time of introduction.

Reported hits on armor are presented in Table E-X. A total of
eight reports specified 11 individual hits on armor. These hits break
down to eight hits on engine armor, one hit on copilot's seat axmor,
one hit on hydraulic flight control servo armor, and one hit on an
improvised flak "skirt' arrangement., Six of the eight cases involved
CH-53A's, all of which involved hits on DPSA-2 engine armor. These
installations successfully stopped caliber .30 bullets six times, includ-
ing two cali.:r .30 hits on the same armor panel, A seventh h’t, by a
caliber .50 API bullet, caused an armor "“failure," although the bullet
failed to hit the engine, Coming from almost directly under the
helicopter, the bullet struck the edge of the panel, perforated one of
the mounting brackets, passed between the engine and the inner wall of
the panel, exited through the top of the nacelle, and broke up against

the rotor head,
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Figure 10. CH-53A Armor.
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the eighth engine armor hit was included amung three separate

arvimor panels reported hit in one of the HH-53B incidents, A caliber
<30 hullet and o tragnent from an unknown size A\ proaimity-tused Hi
projectile were successtully stopped by the copilot's DPSA-2 scat
armor and titanium engine armor, respectively; however, an additional
fragment bounced off the titanium lateral serve armor and severed two
hvdraulic lines serving the unit, and also a number of electrical
wires, The immediate purpose of the armor was accomplished, but the
intent was not fultilled because the mission was aborted when the line

damage ultimately resulted in loss of second stuge hydraulic pressure.

In the remaining HH-53B incident, a caliber .30 bullet passed
through the tuselage floor and stopped against a flak skirt on which

the tail gunner was standing,

(CONFIDENTIAL) 6. LOSSES AND ADVERSE AIRCRAFT REACTIONS

Appendix F presents reported data relative to CH/HH-53 losses and

crashes, forced landings, and mission aborts.

6.1 Losses and Crashes

Data available to BRL place CH/HH-53 losses from introduction in
1967 through June 1969 at nine helicopters — eight CH-53A's and one
HH-53B. These incidents are compiled in Table F-I with known details
Six of these cases, however, were judged by investigators as pure
accidents with no evidence of battle damage involved; four were caused
by pilot error and two by materiel failures. A seventi u‘rcraft was
destroyed in a mortar attack while parked on the ground. These air-
craft losses are not included in this report; accident analysis is

bevond the scope of this study,

The remaining two losses involved operating aircraft, They were
cassed by combat damage and are relevant to this study. One was a USMC
CH-53A, the other a USAF HH-53B,
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The CH-S3A crash (Case 80035) occurred when the helicopter received
a direct hit in the transmission section from a "direct fire weapon"
lust prior to take-off, The aircraft flew about 90 feet down the runway,
relanded, and rolled off the runway, whercupon the tail pylon folded
into the main rotor blades, and the aircraft separated into three sections.
The cabin section was extensively damaged and a post-crash fire was
reportedly extinguished. The pilot and copilot were killed; three other
crewmembers were injured but survived the crash, The exact weapon size
and type, and the kind of damage inflicted were not specified in avail-
able reports; however, it is evident that control system damage occurred,
thus critically impairing controllability of the helicopter during the
attempted take-off and causing an uncontrolled hard landing with major
structural damage. Systems damaged probably included, but were not
necessarily limited to, rotary rudder controls, and impact was apparently
in an excessively nose-down attitude. The decision to procede with the
take-of f attempt after being under fire and receiving a hit might be
considered unwise, but other possible alternatives could have been

equally hazardous,

The HH-53B loss (Case 90054) was not a crash, but was the result
of an emergency forced landing in enemy territory where recovery was
impossible. The case is described in Section 5.7, It was caused by a
37mm projectile which exploded within the fuselage and tore out numerous
hydraulic lines and/or components, leading to loss of utility hydraulic
pressure, then first stage pressure, The aircraft was landed safely

without tail rotoxr control and was abandoned.

Both losses were caused by damage leading to impaired controll-
ability, Threat in both cases was estimated or implied to be greater .

than caliber .30.

6.2 Forced Landings

Table F-II presents the synopses of 15 reported forced landings
occurring during the study period. They included 13 CH-53A's and two
HH-53B's. The fonllowing is a breakdown by damage cause:
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Cause Number of forced Landings .
Hydraulic System 4+ E
tngines 2% f

tJ

Mechanical Controls
Fuel System 2
Precautionary (minor damage)
Transmission 0il
Main Rotor System
Unknown Damage

TOTAL

Pt
U e e e 0
PO

* Includes 2 cases with double-system kills,
**  Single-engine failure in both cases.
*=* One with single-engine fuel starvation; one with large loss of
fuel supply.
The leading cause of CH/HH-53 forced landings was loss of hydraulic
pressure powering flight control systems. There were four cases in this

category:
a. Case 90054 - A loss; discussed in Sections 5.7 and 6.1.

b. Case 80064 - Involved loss of first-stage pressure and fire in
the tail section, After pressure-loss, aircraft controllability was
sufficient to reverse course, approach and retreat from the landing
zone, fly 500 meters to an alternate landing zone and land safely.
(Fire was apparently minor in nature.)

c. Case 80081 - Involved loss of second-stage pressure and
fluctuating first-stage pressure. After pressure-loss aircraft controll-
ability was sufficient to land at a friendly position, where emergency
repairs proved sufficient to allow a safe return to home base.

d. Case 70237 - Involved loss of first-stage pressure. After
pressure-loss, aircraft controllability was adequate to make a pre-
cautionary landing, followed probably by in-field repairs.
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Damage to mechanical tlight control elements led to two tforced
landings. Both cases invelved flight control rod damage. In Case
80054, caliber .50 bullet. caused near-severance of two unspecified
control rods; under partisl control, the pilot made a very hasty
landing with the landing ‘ear retract«.l, Damage was light., In Case
90027, in addition tc other less critica! damage, caliber .30 bullets
Jdamaged two unidentitied control rods, apparently without critically
hampering controllability. The pilot elected to land the aircraft at

that location and terminated the flight until repairs could be made.

Despite armor protection, two Cli-53Afs were forced to land after
bullets struck an engine and caused engine failures. In Case 80006,
a caliber .30 bullet killed the left engine, and the aircraft continued
on single-engine power to a secure zone to land. In Case 90043, a
caliber .50 bullet struck the right engine and killed it, while addi-
tional damage to the tail section occurred by fragments from a nearby
B-40 rocket blast. In the latter case, the aircraft was hovering 20
feet above the ground in preparation to land when the hits and engine

failure occurred; the landing was completed under single-engine power.

Damage to fuel system caused two forced landings. In Case 90020,
a caliber .30 bullet cut a fuel line in the left sponson, and the left
engine failed because of fuel starvation. Flight was continued on
single-engine power as the aircraft retired to a secure base. In Case
90050, caliber .30 bullet-damage to unspecified elements of the fuel
system caused fuel leakage and a subsequent forced landing.

Additional forced landings caused by systems damage include: Case
80101, involving oil leakage frcm a caliber .30 bullet-damaged main
transmission (flew to secure zone and landed); and Case 70276, involving

three caliber .30 bullets impacting somewhere in the main rotor system

(forced to land,no details).
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In addition to the twelve above-mentioned forced landings brought
about by specific systems damage, one more came about after unspecified
damage occurred in the cockpit, although no casualty was involved; and
two more developed as precautionary landings after insignificant bullet

damage occurred in the cabin section,

v.3 Mission Aborts

Fifteen mission aborts were reported for Q/HH-53's during the
reporting period; these cases are presented in Table F-111. The total
includes three HH-53B's and 12 CH-53A's, The following is a break-
down by damage cause:

Cause Number of Mission Aborts
Precautionary (minor damage) 3
Fuel System 3
Hydraulic Systems ‘ 2
Mechanical Controls 1
Main Rotor Systenm 1
Cargo Heok 1
Not Directly Caused by Damage 3
Unknown Damage 1
TOTAL 15

Fuel tank leakage caused three of the mission aborts; flight
control hydraulic system damage caused two more. Control system damage
and main rotor damage caused an additi.nal two, and damage to the cargo
hook (while carrying a load) caused another.

In addition to the above eight aborted missions caused by systems
damage, two were aborted because of ground fire intemsity in a "hot"
landing zone, and three were aborted as a precaution after minor
bullet damage occurred. Another mission remained incomplete when a
CH-53A helicopter began evasive action when *t came under fire, but
started to lose control when the sling load began to oscillate. To
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sodaint control, the load (TG00 pounds of ammunition) was jettisonned
wd broke up on the ground, thus terminating that mission, Finally,

sne mission was aborted for unspecified reasons and damage.

(CONE IDENTEAL) 7. CASUALTIES

Casualties caused by bullets, fragments, and shrapnel were re-
ported in 29 of the 345 incidents, Total casualties trom these causes
aunbered 35, as one incident involved wounds to four passengers, one
imolved coincident wounds to the pilot, copilot and gunner, one
tmolved wounds to the gunner and copilot, and the remaining 26 cases

imvolved wounds to single individuals. These break down as follows:

Table V, (C) Wound Casualties Aboard CH/HH-53 Helicopters (U)

Number

i'orsonnel  Wounded Type of Wounds

Iilot 2 One foot wound when caliber .50 builet -2
pedal; another, arm laceration.

vopilot 4 Two minor foot wounds; one sh:.. .=i wour.;
one leg wound,

Crew Chief 3 Two very serious, one minor, ali py caliber ,30
bullets .

aunner 8 All minor-to-serious wounds by caliber ,30
bullets and shrapnel,

Passenger 13 One serious; all by bullets including four
passengers wcuncded by one caliber .50 bullet,

Unspecified S5 No details,

TOTAL 35

The toll taken in the crash caused by ground fire (Case 80035) was
two fatalities and three injured, however, combining these casualties
with those from the five crashes judge to be pure accident (from Table
F-1) produces an average of 8,9 fatalities, or 15 injured and killed

per crash,

It is noteworthy that no CH/HH-53 mission aborts were caused by
casualties, according to reported information, Similar studies on
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other helicopters show casualtieos usualls ause 1 bl halt ot the

mission aborts,

The near-absence ot wounds by metal debris from impacts 1n the
cochpit section may have been attributable 1n part to the extensive use

of fiberglass for fuselage skin and panels in the cockpit,

{ CONFIDENTIAL) 8. FREQUENTLY HIT ALRCRAFT

In maintaining their respective number of assigned aircraft the
services transferred (H/HH-53's to and from the SEA theater. A count
of helicopters in this data sample by individual reported serial numbers
vields a total of 75 separate aircraft. Most were hi% on more than one
occasion, but certain ones were reported hit more frequently than others.
Ten individual aircraft — all Ci-53A's — accounted for 33 percent of
the reported hits (and sorties hit) within the study period. To indicate
to some extent the survival potential of the CH-53A in its combat role,
individual combat histories of these aircraft are synopsized below:

S/N 153276 was hit on 13 occasions by 18 hits, for one mission abort,
between May 1967 and 3 March 1968, It was destroyed while parked at
home base during a mortar attack on 5 March 1968,

S/N 152408 was hit on 18 occasions by 40 hits, without an adverse
reaction, between February 1967 and December 1968.

S/N 152409 was hit on 14 occasions by 37 hits, withcut an adverse
reaction, between January 1967 (first reported hit) and April 1969.

S/N 153277 was hit on 12 occasions by 35 hits, without an adverse
reaction, between May 1967 and Feoruary 1568,

S/M 153714 was hit on 10 occasions by 25 hits, for one forced landing,

between November 1967 and December 1968,

S/N 151698 was hit on 9 occasions by Z1 hits, without an adverse
reaction, between August 1967, and April 1969,

S/N 153290 was hit on 8 occasions by 18 hits, without an advurse
reaction, between May 1967 and April 1968.
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SN 103707 was hat on 8 occasiuns by 10 hits, without an adverse

reaction, between November 1967 and February 194,

S/N 154880 was hait on o occasions by 37 hits, for one forced landing,
between March 1909 and June 1969,

SN 153713 was hit on 6 occasions by 11 hits, without an adverse

reaction, between November 1967 and April 1968,

(CONFIDENTIAL) 9. MAJOR OBSERVATIONS

The number of CH/HH-53 helicopters in use in the Vietnam theater
Juring the study period was relatively low, averaging a little over
30 CH-53A's and about 6 liH-53B's, During the 30-month period studied,
345 sorties were reported hit by a total of 834 hits,

The CH-S3A was used by the USMC for cargo and resupply missions
and as a trocp transport., Such usage required engagement with the
occasionally heavy ground fire characterizing the in-country threat.
The HH-53B was used by USAF in rescue missions, which entailed long
periods of orbiting in a safe area while awaiting rescue assignments,
which were fighter-escorted dashes, usually into the out-country
environment with its higher threat levels, These large helicopters
are expensive and for those operating as troop carriers, a relatively
large number of lives depended on their safe operation; therefore, the
craft did not "stand and fight."

"Hot" landing zomes we:ie encountered On occasion, and large HE
projectile threats were a constant risk during rescue recoveries, but

prudent policies apparently governed operations with these aircraft,
and such exposures were accepted only with the intention of minimizing
exposure time.

Despjte the smallness of the data sample generated by the pro-
portionately small number of aircraft, analysis discloses the follow-

ing observations:
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4, Just over one-third of the cases occurred i1n or nedr the
landing zone; and, in keeping with prudent policies regarding exposure
to '"hot' pick-up and landing zones, a majority (55 percent) of the
sorties hit occurred en route., Seventy percent of those hit en route
(or 47 percent of all scrties hit) occurred above 1000 feet in altitude,
and 59 percent of all sorties hit occurred at airspeeds above 75 knots.
These duta compare closely to like information on the Ci-54 and are in

Jdistinct contrast to data on smaller helicopters,

b, The above factors are derived from the total sample, which is
97 percent CH-S3A data. As such, they serve to explain in part why the
average number of hits per CH-53A sorties hit was 2,27 = a relatively
low average for a target as largo as this aircraft, This was evidently
accomplished by avoiding concentrated firepower when possible, there-
by limiting hits as much as possible to those taken while traveling at
cruise speeds and at higher altitudes. In this respect, however, the
HH-53B did not fare as well in its mission, aﬁeraging 7.89 hits per

.

sortie hit. Overall average for all cases was 2.42,

c. On a basis of average number of hits per sortie hit, the
urgent, motivated rescue missions proved most hazardous at 7.5 hits
per incident for both models. The relatively Zrequent sling-recovery
missions were also hit heavily, averaging 3.2 hits per incident. In
contrast, two-thirds of all the incidents involved resupply missions
with onboard cargo, and these averaged just 2.0 hits each, when hit,

d. The USMC CH-53A was frequently carrying an external cargo by
a sling when it encountered ground fire. The CH-54 studies indicated
the sling load partially shielded the bottom of the aircraft, but the
advantage was more than offset by a reduction in evasive maneuver-
ability leading to the above-mentioned higher average number of hits
when under such circumstances, CH-53A data tend to support this
observation, and reported accounts definitely confirm the reduction
in evasive maneuverability.

e. Threat encountered by the USMC CH-53A (336 cases/763 hits) was
caliber .30 bullets most often fired by rifles. Including duplications
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Peobvdaunt tor moved-threat ancrdents, threat was comprised ot 83
rervent caliber (30 weapons, 8.5 percent caliber (50 weapons, and 5
pervent mortars and explosive projectiles. On o basis of total hits,
the reported cases involved 78 percent caliber .30, 12 percent caliber

<30, and about 10 percent fragnents from mortars and projectiles.

£. Threat encountered by the USAEF HH-53B in three percent of
the total .cases, (9 cases/71 hits) involved caliber .30 weapons in
sverv instance, with 22 percent of the HH-53B cases (2 cases) in-
volving additional hits by AAA projectile/fragments. On a basis of
total hits, of percent were caliber .30, one percent was 37mm, and
31 percent were fragments, although all of the latter occurred in one

tncident,

2. Two-thirds of the 30-month sample of hit-incidents occurred
in the last half of 1967 and the first half of 1968, with a downward
trend in activity thereafter, but HE projectile incidents increased
maraedly at the end of the period, with over half occurring in the
first quarter of 1969. The rate of caliber .50 incidents rose
similarly. Compared to the overall average of 2.42, the average
number of hits per sortie hit was just under 2.0 in 1967, but increased
steadily to just over 3.0 at the end of the study period.

h. For reasons not revealed in reviewing combat damage reports,
a preponderance of hits were received from the front and right side
directions for all weapons encountered. Hits were relatively uniform

in distribution by aircraft section in proportion to presented area.

i, Ground fire caused two losses during the study period - one
CH-53A and one HH-53B. Hydraulic system damage (and pressure loss)and
subsequent losses in controllability were cited in the HH-S3B loss and
strongly suspected in the CH-S3A loss. The HH-S53B did not crash;
it was forced to land where recovery was impossible after a direct
hit by a 37nm projectile. The crew and a passenger were rescued, The
CH~S3A loss was the result of a crash occurring during an unsuccessful
take-off attempt following damage by a '"direct fire' weapon of unknown
size while on the ground. The latter case caused two fatalities and
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three inpuries, I, however, all crashes, including accidents, are
considered, CH/HH-53 crashes averaged 8,9 fatalities or 15 injured and

hilled combined,

J. Fifteen forced landings (including the above-mentioned loss)
were caused by ground fire damage, Seven were true emergencies with
urygent need to land quickly under imminent threat of control loss or
main transmission tailure. Involved were dumaged mechanical control
rods, loss of primary flight control hydraulic pressure, and trans-
mission o1l teakage, Three other forced landings followed single-
cngine tlights to secure arecas dafter bullet-damage causcd an engine
to tail; two involved direct hits on the affected engines by bullets,
the third involved a cut fuel feed line and fue. .rvation{fuel cross-
over procedures were not reported employed). The remaining five
forced landings were more or less precautionary in nature., Caliber .30

bullets were capable of producing all of the above causes.

k. The fifteen reported mission aborts were caused by fuel cell
and tank leakage, lost hydraulic pressure, and various other damage
to the aircraft. Mission aborts caussd by casualties aboard the air-
craft were notably absent, although a few reports citing casualties
may reflect an oversight in this respect,or else casualties were taken
after mission completion.

1. General observations regarding results of damage to the major

systems were as follows:

Main and tail rotor. These components proved capable of absorbing
damage by caliber .30 (7.62mm) and caliber .50 (12.7mm) bullets and
by fragments, including hits on blade spars, without significant de-

gradation of flyability.

Fuel system, The CH/HH-53 engine supply lines, which operate
under a suction head, reportedly received bullet damage twice with a
minimum of fuel leakage and no fires. One case resulted in engine
fuel starvation; in the second, the engine continued to operate.
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Self-sealing tfuel cells often, but not always, sealed after bullet
Jamage; loss of tuel from non-self-sealing auxiliary tanks caused two

mission aborts by HH-538's,

Powerplant. Vulnerability tests on the T64 engine show the com-
pressor section, and lines and components of the engine fuel and oil
svstems are vulnerable to caliber ,30 (7.67mm) and larger bullets, and
to fragments trom 37mm projectiles and mortar rounds, Despite armor
protection for these arcas on CH-53A's and [1-53B's, calibers ,30 and
.30 bullets were able to hit and Kill engines without encountering the
armor. On the other hand, at least four successful (but short) flights
were accomplished on single-engine power, None of the combat damage
repor:s eited an in-flight engine-fire or emplo;ment of the fire
extinguishing systems. (Accident data, however, reveals a case in which
a bearing failure in one engire caused an in-flight fire which led to
crash-destruction of the aircraft and rive fatalities). Bullet damage
to the engine air particle separator (EAPS) barrels did not critically
Jamage anv engines, but caused ingestion damages sufficient to warrant

engine changes.

Hydraulic systems., Damage to the numerous lines and components in
the three hydraulic systems in the aircraft usually resulted in puncture
and loss of pressure, as would be expected. Loss of utizity system

pressure occurred most frequently and was usually tolerated, without
landing prematurely. Loss of pressure in the first stage or second
stage systems was the leading cause for forced landings, despite use
of tandem servocylinders in the critical flight control elements and
the provisions for mutual back-up by the two systems. Despite the
redundancy, lack of adequate separation between many parts of the in-
dependent systems allowed simultaneous malfunctions of two; loss of
hydraulics was considered at least a possible cause in both ground-
fire-caused losses. Two minor in-flight fires were also attributed to

damaged hydraulic lines or components.
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[t is generally axiomatic that damage to the ballistically easy-
to-deteat primary hydraulic systems is increasingly ceritical in pro-
portion to aircratt size, or more specifically, in proportion to the
degree ot reliance on power-assistance against larger aerodynwnic
torces. Moreover, probabilities of fire after damage are generally
greater with higher operating pressures. In these respects, the
CHAMS5S (cnd the CH-50 carries a disadvantage not found on smaller

crart with lighter aerodynamic forces,

Mechanical control system, Critical ClLHH-53 mechanical flight

control clenments, with the exception of the tail rotor control cable,

dJppeared to be reasonably safe in the caliber .30 (7.62mm) environment; g
however, caliber .50 {12.7mm) bullets proved capable of critical

Jdamage to flight-critical control rods. Many of these rods and other
elements are grouped closely together and proved vulnerable, in at least
one case, to double-component damage and 1ts accompanying possibilities

of compcund controllability problems,

Transmission system, Reported data regarding hits on the variocus

transmissions and associated drive shafts indicate these items are
safe from catastrophic failures in the environment of 7.62mm bullets
ard individual fragments from projectiles; i.e., these threats do not
appear capable of shearing driveshafts of this size, or of destroying
gearing within the transmissions and gearboxes driving the main and
tail rotor systems, Damage resulting in holes in the casings of these
units, and damage to the lines and components in the lubrication oil
systems serving these units, usually resulted in loss of oil, as
expected., Under such circumstances, a forced landing almost certainly

resulted,

Ammor installation. A significant weight penalty was paid to pvo-
tect the CH-53A and HH-53B enginres, hydraulic reservoir area, pilot,

* Time-to-die criteria have not been determined for oil-starvation of
the CH/HH-53 main transmission and tail rotor gearboxes., Laboratory
vulnerability tests on the CH-53A nose gearbox resulted in failure of the
input bearing following 10 minutes of operation after loss of oil. By
experimental bearing-package modification this time was extended to

3S minutes.
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erd coprlot rrom C.olum Ball bullets (and trom most non-direct hit

tragmentation threats), Reported data suggest the tollowing:

1V Engine amoer stopped at least crght hits from probabl:
crlirng wi emgine, but allowed at least two hits to do so without
sneountertnyg the ammor,  lhese panels protect the highly vulrerable
ol engine fue! svstem nd compressor from the outboard side and bottom
drrections, but do not tully protect them trom frontal and rearward
attack, and the turbine section and associated oil lines are left
awvosed. \s a4 partial measure, this armor protected the engines d4s
sell s posdble,

21 Uvdraulic reservoir armor was not reported hit, but the
reaervalrs were enptied a significant number of times when primary
Tloght control hedraulic system lines were cut, Presumably, reservoir
Juwige ts held to be more critical than line damage because the former
Jrains the svstem immediately, while the latter leaves a limited number
of stich maneuvers available from the reservoir fluid supply before
rower-assist is lost, or until an alternate system is empleyed. Loss
of hvdraulics, however, was cited in both losses and caused several
aurried emergency forced landings.

3) Filot and copilot seat armor apparer:ly paid off, althou~h
only one seat hit was reported (without injury). Six minor wounds
~ere reported occurring to pilots' and copilots' arms, legs, and feet.
On the other hand, unprotected crew chiefs and gurners took 11 hits of
which two were possibly fatal., Unprotected passengers accounted for
as least 13 wound-casualties, being hit in various areas of the body,
and at least one of these was possibly fatal.

The USAF HH-53B was fitted extensively with additional armor to
protect a multitude of hydraulic and mechanical control and drive com-
ponents and other vital areas. Out of a total 71 HH-53B hits, only
one is reported to have hit any of this additional aymor. A pro-
jectile fragment struck an armor panel covering a hydraulic valve body
and failed to penetrate, but it bounded off the panel and cut hydraulic
lines serving the unit, thwarting the intended purpose of the armor,
Other systems provided with some degree of armor protection on the
P'H 53B were also hit by ground fire,
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Based on all reported data, various "riskhs," or rates of various

oceurrences, are presented for the USMC CH-53A an Table VI and for the

USAL HH-L3R in lable V1.

lable VI (C) CH-S3A Combat Risk for
January 1967 through June 1969 (U)

Flying Sorties  (Combat Sorties
hours Flown Sorties Hit Hits
Per Flying Hour 1 2.86 2.44 L0083 L0188
Per Sortie Flown 0.35 1 0.85 L0029 0066
Per Combat Sorotie Flown 0.41" 1.17 1 0023 L0077
Per Sortie Hit 121 345 295 1 2.27
Per Hit 53.2 152 130 .44 1
Per Caliber 0,50 Hit 318 1196 1021 3.46 7.87
Per Mission Abort 1560 4461 3811 12,92 29,35
(or worse)
Per Forced Landing 2898 8286 7077 24,0 54.50
{0 worse)
Per Combat Loss 40,572 115,997 99,073 336 763
bPer Combat Casuality 1268 3625 3096 10.5 23.8
L
Thds value 8 a ratio, not an average time forn {uUs type of sontie.
Table VII (C) HH-33B Combat Risk for
September 1967 through June 1969 (U)
Flying Sorties Combat Sorties
Hours Flown Sorties Hit Hits
Per Flying Hour 1 .479 .331 .0015 .0115
Per Sortie Flown 2.09 1 .691 .0030 .0240
Per Combat Sortie Flown 3.02* 1.45 1 .0044 .0348
Per Sortie Hit 685.4 328,2 226.9 1 7.89
Per Hit 86.89 41.61 28.76 127 1
Per Caliber 0.50 Hit None were reported
Per Mission Abort 1234 591 408 1,80 14,2
(v r worse)
Per Forced Landing 3085 1477 1021 4,5 35.5
{or worse)
Per Combat Loss 6169 2954 2042 9.0 71
Per Combat Casualty 2056 985 681 3.0 23.7

* This value <4 a ratio, not an average time for this type of sontie.
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(CONFIDINTIAL) 10, COMMENTS ON PASSIVE DEFENSL

Corplete assessment of vulnersbilits of the Ci/HH-53 helicopter s
not the purpose ot this study; however, certiun relevant factors are

reveiated tn the combat damage i1ntormation and are discussed below,

Un the basis of reported data for operations, damage, and losses,
the H-33 series helicopters produced an admirable survivability record
in the RUN ground fire environment, The aircraft (USMC (i-53A's in 97
percent of the cases) were exposed to as severe d threat spectrum as
other, smaller helicopters, but their rate of loss from ground fire
(per sorties flown ap-i s -=7es hit) was marhedly lower. Only two were
lost to ground fire, and neither was lost to the principal RVN threat,
".62mm weapons talthough the possiblity certainly exists), Moreover,
neither loss was directly "shot down" in the usual sense; both developed

from circumstances after hits were taken.

Undoubtedly some operational factors contributed substantially
toward accomplishment of this record. For example, at least for the
CH-33A, "hot" landing zones were often avoided; more aggressive missions,
including escorting the larger craft, were undertaken by the smaller
UH-1 gunships and Cobras. Prudent operational policies prevented many
hits and held down the average number of hits in an incident. Thus,
when hit, the CH-53A frequently was operating with considerable altitude
and airspeed where, despite the encumbrance of a sling-load, conditions
were more favorable for maneuvering and safe recovery if difficulties
resulted from ground fire hits. Differences in operational policies
not withstanding, analysis of combat damage effects shows that users of
the CH-53A (and CH-54) enjoyed substantially more favorable loss rates
and reactions to systems-damaga than those for users of the smaller
helicopters (such as the UH-1D/H and CH-46) doing similar jobs in the

R\N combat environment. A number of reasons are apparent,

On a large helicopter passive defense is enhanced by many components

which are inherently low in vulnerability just because of their size;
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¢.g., larger rotor blades and blade spars, transmtssion gears and shafts,
and driveshates simply require larger bullets to accomplish a “kiil."
Agdainst these CH/HH-S3 components the 7.6lmn bullets, the principal

RVN threat, lack sufficient size and energy to cause abrupt disablement
by direct impact; 12,7mm bullets, the chiet secondary RUN threat, huave

very low probabilities to do so.

The suction fuel supply system, unique at present to the CH/HH-53
helicopters, was originally a reliability - oriented innovation; however,
in laboratory tests the system proved to be invulnerable to sustained
fires from hits by incendiary threats. This system is held to be the
prime factor responsible for the absence of ground fire - caused fuel
tires, and, in turn, for the low loss rate for the CH-53A. Additional
advantageous tuel system features are armor protection (against Caliber
.30 Bali bullets) for the pressurized engine sections, self-sealing for
the main fuel cells, and placement of connecting lines and fittings
above the fuel cells. This latter feature was a safety measure against
leakage, but it also provided shielaing by the mass of fuel in the
cells for the lines and fittings against ground-originated gunfire.
Incorporation of reticulated foam within USAF HH-S53B fuel cells further
enhanced fuel fire protection against larger projectile threats, although
the very small number of USAF combat damage reports precluded quantifying

its merits.

The twin engines on these helicopters are partially armored and
are separated by heavy components such as the main transmission, accessory
gearbox, and APP. Although the armor panels allowed bullets to caise
single-engine power loss to occur, successful single-engine flights were
accomplished. No report cited hits on both engines in a single incident,

and no engine fires resulted from ground fire.

A final point is noteworthy regarding the positive passive defense
features in the H-53 helicopters. The installation of copilot's and
pilot's seat armor, together with avoidance of "hot" landing zones,
have probably reduced substantially the possibilities of a crash re.
sulting from serious wounding of the men at the controls. According to
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combat Jdamage analyses for other aircraft, including many with seat
armor 1nstalled, such possibilities exist while operating close to the
sround, Jdespite the presence of two operating personnel and dual coun-
trols. Further, evidence shows that use of fiberglass for cockpit skin

and panels has greatly reduced shrapnel wounds in the cockpit area,

Certain negative features of the large helicopter are also revealed.
On occasion large helicopters carry a large number of personnel. It
fvilows that a crash can involve the loss of many lives. The highest
toli of lives lost in a helicopter crash in RVN resulted from a Ci-53A

crash, though the incident was a non-combat accident.

The large conventional helicopter relies greatly on high-pressure
hydraulic power assistance for flight control, Despite incorporation of
three independent hydraulic systems and tandem servoc 'linders in the
t1-53 series helicopter, this conglomerate is vulnerable to critical loss
of control from single hits by fragments and small arms. Lines within
separate systems are placed parallel to and in close proximit: with each
other in numerous places such that a single missile is capable of dis-
abling vital controls by "killing" its primary and back-up hydraulic
service simultaneously., This technique is traditional in U, S. and
foreign aircraft, but in combat this tradition becomes expensive,
Proper, true separation of these "redundant" systems did would have prevented
HH-53B loss, and possibly two (including the ground fire - caused
CH-53A loss), in addition to several! hazardous emergency forced land-
ings. The hydraulic systems as arranged on the HH-53B helicopter have
cost a considerable weight penalty to protect the vital servocylinders,
and areas vulnerable to double-system kills still remain which are
impractical to protect in the present configuration. Separation by
rerouting these lines would solve the problem,

Although either the pilot or copilot may independently operate
the aircraft through a system of dual .ontrols, the mechanical control
system is singly v..nerable from the pilot's seat aft, i,e,, most of
it is not truly a dual system, Dis~*lement of any of the critical
control functions can be obtained by a single hit on a single component.
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M1 primary rlight control rods are located together from the cochpit
to the main transnission, thus a single 1mpact cun damage more than one

control, thereby compounding possible contro! malrunctions,

The problems associated with ground fire damage to jubrication o1l
systems serving critical aircraft components are well documented.
Fragmentation and small arms threats will easily defeat the casings and
external lube components and lines of the two engines and six critical
gearboxes within the CH/IH-53 propulsion system. Continued operation
atter loss of bulk oil or oil pressure cuan have disastrous results.
Comhat Juuage experience with these aircraft shows that on such
occasions cochpit warning systems were heeded and forced landings
usually resulted; however, a review of accident data reveals cases
where materiel failures similar to those expected following loss of oil
have caused engine turbine blade expulsion, non-extinguishable inflight
engine fires, and crashes (including RVN CH-53A loss 28 July 1968;
Table F-1). Turbine blade expulsion has caused a serious casialty in
one reported incident, and in one other incident loss of hyd.aalic pres-
sure was followed bv a crash fatal to five crewmen., The engine fire
extinguishing system was incapable of extinguishing a fire because the
fire was too far forward in the nacelle in one case and too far aft in
another. The manufacturer indicates that modification action has been
initiated for modification of the CH/HH-53 nose gearboxes which will
greatly improve capabilities of these components to endure the effects
of loss of lubrication nil, and many other partial steps could be taken
to reduce this problem in other components. Ultimately, however, the
problem is best eliminated by designs which incorporate non-circulating
lubricant and which rely on forced air and/or structural conductivity
and other thermal management techniques for heat rejection.

A final comment is worthy of mention regarding a potential improve-
ment to the suction fuel supply system. Small holes in these lines
caused by bullets, even shrapnel, will lead to engine fuel starvation
within roughly 10 to 30 seconds. Such occurrences should be prevented
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{(wrthout altering the zero probability of fire in the present system) by

application of selt-sealants on these lines.

(CONFIDLNTIAL) 11, SUMMARY

buring the 30-month period studied, 345 sorties were reported hit
by a total of 834 hits, CH-53A's were used by the USMC for resupply and
troop transport within RVN; a smaller number of HH-S3B's were used by the
US\F in rescue missions, mainly out-country, The threat encountered by
the two models differed accordingly. As a whole the datra compare
closely to the limited CH-54 experience, but contrast distinctly with

the smaller helicopters.,

Two losses, 15 forced landings and 15 mission aborts were reported.
Only one of tre losses resulted from crash, but the casualty potential
ot large helicopters is emphasized by one crash accident whic: killed
13, Both losses to ground fire involved hydraulic system damage by
large projectiles, Of the forced landings, seven were true emergencies

involving damage to control rods, hydraulics or main transmission,

Compared to the smal:-r helicopters the H-53's appear significantly
less vulnerable, Single-engine flights were accomplished after damage
to the other engine. The aircraft also survived hiv-damage to the rotor
blades and blade spars, the main and tail rotor drive shafts and trans-
missions, the fuel cells and lines, the mechanical controls and the
crew., Advantages and weak points from the standpoint of vulnerability,

and possible improvements are discussed in the previous section.

Most noteworthy on the H-53 is the relative absence of in-flight
fire, which has been the leading cause of loss (and personnel fatalities)
on all other aircraft., This absence of fires is attributed largely to
the suction fuel boost system, which is unique to the H-53, While it
was installed to improve reliability, its advantages in safety and
survivability appear no less significant, It is technically feasible to
equip any aircraft with such a system. In view of the findings in this
report, therefore, serious consideration is recommended for use of suction

systems for fuel boost in other turbine powered rotary and fixed wing aircraft.
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SAMDPLI

NAVY DIRECT ENEMY ACTIUN REPORT
HSWIEF TLEGQNXESLA3 Y
RUTEZYUW R OUHIMOCRSO L 27 1Y - LELE - -RUCILSA .
SN LR
DL RUMILAW 268 27198
SNY BB EE
R 2848512 Sep 07
IMOMARHEVHE LRON FOUR ST1X THREE
FO FUCTESANAVAVNSAFCEN
INFO RUENAAA/CNO
RUF DBHB/NAVATRSY SCOMHQ
RUCTHOA /¢MC
RUHHPMA /CG FMEP W
RUCENVA/CG PMELANT
RUM IMUA COMNMVATRPAC
RUAAD A TCOMEATRWESTPAC
SENTCG FMAR
RUNJRRE, C6 THIRD MAW
SENMUN O ONE STN
Rl
UNCIAS U F T'O Fouo
FOR CNO CODE OP-PLF AND CMC CODE AAP
FRLLTMENARY /SUP *LEMENTARY MSG RPT OF ACFT INCIDENT
A, OPNAVINST 3758.6F
1. 25 SEPT 1467 128¢H DAY
2. CH-53A 152413 HMH-463 31-681

PAGE TWO RUMHAW 426B UNCLAS E F T O FOUO

3. BT g9 358

4. FRANK J. . CAPT @#78251 USMC 7564 ACTIV GOLF

S. FOUR CREW MEMBERS NO INJURY

6. FECHO ONE (1) ROUND 5@ CAL ENTERED THE CABIN STARBOARD SIDE AT STA
619 WL 151 AND EXPENDED AFTER STRIKING AFT SUPPORT BARCKET FOR THE
H F RADIO ANTENA COUPLER AT STA 633 WL 169

7. LOGISTIC CARGO 3.5 FLIGHT TIME

8. N/A

9. THE AIRCRAFT WAS ON AN APPROACH AT THE TIME 5§ CAL FIRE WAS
RECEIVD)

10. N/A
Il. NONE
12, N/A
13. N/A
14. N/A
15. DIRECT ENEMY ~CTION
16. N/A
BT

SAMPLE
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SAMPLE

MACV DIR 381-3b

T AN S\ etAA ta e o,
AND DAY G DD

INGMAUCTICHS: L. A.coralt receiving fire only (no hits) cemplete Items
A uarough. = (telephone or TWX requiremert Items A

av h
waoush Xy,

2. Alrcruft receivipg aits complete entire form (tele-
phone or TwX requirement Items A th sugh G).

3. Telephone (TACC, Tan Son Nnut 26lik.

Lo Muil completed Sorms for items regquired to Cdr,
Tk Alr Force, ATUN: DI-DISB, APO 9630T. Weekly
nsolicate zmailing is reguired.

. o W AT A LM A
ne IEPORY IDENTIFICATICON:

. . o
<. Unit Reroriing

s P NP
o wCIDaule n/» Sae

3. Date/Tize ol Incident

L. A/C Type, Medei, Series

5. Coord. of Fire (UNT GRID)

3. AIRCRAFTY ACTIVITY: (Circle one underlined item only)

1. Taxe off from: a. Landing Zone b. Pickup Zone c¢. 3ase

2. Landing to: &. Lending Zomne b. Pickup Zone c. Base
3. Target Attack: a. Approach b. Withdrawal c¢. On Target
4. Enroute: a. Level b. Climb ¢. Descend

C. ALTITUDE: Estimated Aircraft & Absolute Altitude When Hit (Feet)

D. QTVYPE FIRE RECEIVED:
. Weapon Type: a. Small Arms b. Auto Weapon

c¢. Other (Specify)

2. Caliber: a. Cal. .30 b. Cal. .50 ¢. 20=m
d. 37mm e. Airburst f. Other (Specify)
SAMPLE
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SAMPLE

INTENSITY OF FIRE (Circle one):
1. Light (1-10 Rounds) 2. Moderate (11-25 Rowncs)
3. Intense (25 Rounds or More)

HITS: QNumber of Individual Hits .

AIRCRAFT REACTION (Circle one):

-

i. Continued to Fly:; Mission Completed.

v
.

Corntinued to Fly; Mission Not Completed.

3. PForced to Land; Insv/Quick Fix/Took Off.

4. Forced to land; later Destroyed.

5., Terced to Land; Later Recovered,

©. CJrashad; Aircraft Recoverable,

7. Crashed; Aircraft Not Recoverable,

CAUSES: System Hi* Causing Aircraft Reaction (Circle One)

1. Engine 5. Main Rotor
2. Transmission €. Power Train
3. Fuel Systenm T. Casualtiés

4. Controls
ARMAMENT :
1. Was any aircraft armament being emplcyed at time of hit? _Yes No

2. What type weapon(s) were being employed at time of hit? (Spec-
iry) )

3. What type aircraft armament systems aboard aircraft? (Specify)

SANPLE
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0.

MISZION TYor
PR SR S

SAMPLE

‘o . X
Wil wnej

. Vis Reeo !. Flr Srop b, Comber Cgo

2. Armd iset 3. Psyvar 15. Llog TC

3. luc Recy 9. Cmd & Cnt 16. Leg Cgo

“. SAC 10. DJefol 1T. Cicse Air Spt

5. Cas Evac i.. RDF/Elec 18. Photo/Infra-red

. Lolax 12, SLAR 19. Other (Specify;

13. Combat 7C

AZR SPEET:  Air Speea at tize of hit (knots)?

FCRIWTICH: L. Tyze 2. Position

GROUWD TIST TUTCRLTION:

1. Source Cbserved? Yes No

2. Direction of Enemy Fire (O'clock position)

3. Type of Projectile that hit aircraft? (Circle one)
a. Steel Jacket b. Iracer . ¢. Incendiary
d. A-mor Piercing e. Other (Specify)

L, Estimated Range of Source (Meters)

S. Adrcraft LHeading

NUMBER & TYPE ESCCRT A/C: Armed " Unarmed

NUMBER OR BOARD A/C:

Me-mmber

Fixed Wing

Type-Number |

|_Rotary Wing

i. Passengers ____ 2.

SANPLE
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SAMPLE

P. POSIZION OF CASUALTIES:

Futal Non-Futu. Letttich = Cauct |
1. Ilot
2. toLlilot
3. Crew Chie!
4. Quener
9. Pussencers
6. Cbserver

{For additivnal casualties use the remarks section.)

Q. PROSZCTILE EXTRANCE LOCATION (Write in Number of Hits):

Top Bottom Left Right Cernter

i. YNose & Cockpit

2. Puss. Ceag. —_— —_—
3. Zngine Coxmp. —
L. Wing or Main Rotor System —_—
5. Tail E=pennage or Tail Rotor ___

R. EXTENT OF DAMAGE & REMARKS: (Describe damaged comporents, especially those
causing A/C reactions other than continue to fly. I .clude effectiveress cf
self~-sealing tanks, body armor, and recommended tact.cs that might preveat
sinilar damage.)

. SAMPLE
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ABBREVIATED AIRCRAFT ACCIOENT,COMBAT DAMAGE REPORT REPORTS CONTROL SYNEOL
FORM FOR COMBAT AREA

[ {re caou:

SECTION A LOCATION AND Ting

" OATE OF ALCIOENTY ll Timg S PLACS LP ACCIOENT

SECTION B - AIRCRAPT

L adenar) seaial munstn 17 el w00l ano 0Snias |8 Unit assienio

SECTION C - DAMAGE CLASSIFICATION

— . — -
A wsmualt 'y O Dawayl , o @roct reevit ol Rectile aclion) 8 ACCIONNT /Majer ot Mines oo dolinsd by AR ¥5-00)

s SECVION O - OPERATOR AND/OR QPERATORS

Hean <V 4t  INTAOLY AT THE Tieg OF TuE AcCiDRHY D oicor  OinstauctTon sior Dcoriotr Oace commanoan

CABY waMA SIS maUE WDOLE tArTiAL 2 emacs 3 SENVICE NuBEh Lb g @ aer

AT e AT T TAT Parce, Nowr T " 4
AN UIENT A R0NAUTICAL RATING aATE AECEIVED T outv etatus AV VRl SVITEY |
3 wat? mimd FIA0T MAME WOOLE iNITrAL it e%aDe I!l SRAVICE NUNEES I A S0 & gty
3 A& (%6 ICAVICE tArmY Al Parce, Novy) 10 ORGAMIZATION TO WICKH ABBISNED
'
1y
Te SAMLEENT 4EAONAUTICAL RATING 17 OATE RECEIVED 16 OUTY STATUS AT Tier, 8F ACDY
SECTION € - INJURIES
b~ v T
at . ! L] Al
AN St LA A L vt T 34 LOCATION OF inJuAY CAUSR OF Ry
i "
© e H H
T
ARl KS-1) 1]
s acee couom i
o mat 10T { H
v T
LKLY
s Suanen
s INICAVES l
[ -nu-un] T
SECTION F . CREW EXPERIENCE
T
T scuns roraL TOTAL FIIRD WiNG TOTAL AGTARY WING 3:-:‘ 3 1MBY QLALIS TOTAL THIR PREIENT TOUR
PLYING TG M TveR
» » ce » [ (1 acey " |ne wONT N LYISE Yimg
LT
comior
ALfv COMON !
1uiY BILOY

SECTION G - CAUSE PACTORS

Cngw EANOR

gwwlcvlb [Jwowe uwnnonn

I MavEAIPL FaLAE Tesrasuisnto [Jeusracreo Duone D‘”‘"’""'

1 0@ CONTROL NUMERR OATR SUBMMTYRO:

4 maimTeuanct Ena0h [ JEsrasuisnto [evsescres ([ Jnome [
SECTION M - DAMAGE

Ctarnr Or OtmaGE 3 roray Lots Oagranasce ]Tn-oww OF 0AM‘ 68 (Deliars) m
SECTION | - WEATHER

r e COoNaITION [. PRAEISUNE ALT jo oswatvy v,

| SECTION J - DESCRIPTION OF MISHAP (continwe an pode 3)

forn eratis af @t flighe press e Saibude and opar y e

N
SAMPLE

USARYV Jarw 232 rage 1

L7O% 200w 40 110 1em 00 ] PRTVIEUS USARY EBITIONS ARE SEILBTS -
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ABSREVIAYED AIACRAPY ACCIDENT/COMBAT BAMASE REPORT PORK FOR COMDAT ARRA

SECTION J . DEICRIPTION OF MiSHAP (connaved

SECTION K . PINDINGS

1 10t 8t setabiiohed and cwn.ibuting cance ivstare. (Toeniily wnite oo agtivity recpansibie loe couse losiere )

t INYESTIGATING OFPICEN 2 RaANR 2 BRANCH & ACRONAUTICAL RATING

SECTION L - STATEMENT OF APPOINTING AUTHORITY/UNIT LOMMANDER

s o - ot C and sstiane tohan (0 grovent ourencs.
" OATE T sreniToRE
SECTION M - APPPOVAL SLOCK
v APPROYF D
l_ —_— SAMPLE
.. s sienaTUAR
CiARY weer s 232 sagss

T U a0 e sam 101] Paevious LAY E0ITIONS ART GBOLETS




SAMP LE

ABBREVIATED AIRCRAPT ACCIOENY/COMBAT DAMAGS REPORY PORN POR COMBAT AREA

SECTION N . AIRCRAPY COMBAY DaMAGE

VUL M m T8 Oh AACHAS T S i08.0n (papoes o1 (1100):
—r
T TQraL
e
}
4 ievs ’
 “we
4 UNARNOWN
s OTnen
i ? NUMBER ACPT ON WIIBION S ALTITUDE (feel abeve tomein)
'

LOCATION UHEANE MITE FAQH ENEMY FIAC EEAE AGCEIVED Ok THE AIARCARAPYT (Chocd appitestio dogy

LI 2

Rignt sMONT rer- RGNt Agan

et

1 .
' 1
' 1
! '
LEPT PRONT :__ J LEPT AGAR
Y2
Qraonr Orare anan
O nianr rrOnY QOLerry sios
Onieunr si08 Ovgrr raony
Crigur nzan QOvor
Jagan Oserron
cHECK
2 ToiOnY CONDITION | o APPLICARLEITEM LICLLLI]

MORMAL CRUISE fon route)

wANOING

TAKING QFF

HOVERING

How Cryuise

11 PLIGHT AT TITLOR Aeurnus
ITRAIGHT AND LEVEL
#O3E ue
¥O3E OOWN
TURNING RIGHT
TURMING LEPTY

13 WAL CAASM LANDING REQUINED D'll DNO i

'3 DAMAGR TO COMPONENTS ON SYATRMS WHICH PARVENTED PUATHER FLIGNT
(chock agplicadle Home)

Bitimtin T Duscomensives  Ouwires  Coers Thssee sreves
Cwing & QuroaauLic svares Qaneing Conoreiane

‘4 v urorpawaes O roralL woM [Insramasit J 19, AMGUNT OF BAMAGE Dellare)

USARYV /ax. 232 SAMPLEpacas
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SAMPLE
SIKORSKY FIELD REPRESENTATIVE'S REPORT
COMBAT DAMAGE INCIDENT REPORT

Where additional space is ssedad, indicate with an asterisk and continue on
the reverse side, referencing Line Nu.

Line No.
1 Aircraft Type Aircraft serial number
2 Unit Date of Incident
3 Incident occurred on flight of day. Incident was the__during the flight.
4 Missior type Location
S Formation type
6 Number of aircraft in formation Position of aircraft
7 Pass numter Flight Phase
8 Number § type of armed escorts
9 Was prestrike performed? Type of crew protection
10 Was incident detected when it occurred? Was enemy fire observed?
11 Was fire returned? Was retura fire effective?
2 What type of projectile hit?
13 Number of hits
14 Aircraft ~caction to hit
15 Number of hits responsible for aircraft kill
16 Aircraft altitude above ground at which incident occurred ft.
17 Airspeed kts.
18 Direction of enemy fire o'clock. From abov or below
19 Weapon caliber and type
20 Ammunition type Range of enemy fire Yasids
21 For ea~h hit during the incident list:
Projectile W/L B/L Side Projectile W/L B/L Side
Entrance Exit
Compartment § Compartment &
Station No. Station No.
Hit No.
n
(2)
SAMPLE
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SAMPLE

SIKORSKY FIELD REPRESENTATIVE'S REPORT

Line No.

22 Give for each hit the system hit, the component hit, components damaged, whether

leahage, sever or other ma!function occurred and effect of hit on the mission

What caused it?

Did fire or explosion occur on aircraft?

to
e

24 Was armor protection hit? Where?
25 Was armor adequate?
2o List Injuries, casualties and causes
Date ” Field Representative
Sikorsky Aircraft
SAMPLE
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(UNCLASSIFLED) AIRCRA¥T REACTION CODE AND DEFINITIONS

DEFINITIONS

For Purpose of Coding in the Aircraft Combat
Data Analysis Information Recall Program

HOSTILE INCIDENT: Any hit(s) by any projectile(s) or missile(s) on an
alrcraft (or its contents) with power on - usually
in flight but including hits while awaiting on the
ground powered and manned. Excludes hits on parked
aircraft, pure accideuts on combat (or ron-combat)
missions or in combat territory and accidents caused
by combat events other than weapon hits,

CRASH: A hostile incident —esulting in an uncontrollable
landing, 1.e., the aircraft is incapable of being
governed, guided or restrained at touch-down.

FORCED LANDING: A hostile incident, not a crash or mission abort,
resulting in a landing prior to its intended time
or in prevention of takeoff as intended or subsequen.
landing in place other than original destination
(includes various shades between emergengy hard
landings with severe damage to pure precAutionary
landings for damage inspection and resumption of
flight and mission).

MISSION ABORT: A hostile incident which disrupts intended mission
or flight plans but does not prevent return to home
base, 1.e., not a crash or forced landing.

CONTINUED TO FLY (CF): A hostile incident which disrupts neither the
intended mission nor the flight plans to destination
(s) and returu home.

AIRCRAFT GROUNDED _(AG): Special case of "continued to fly" with damage
of a type or magnitude that the aircraft cannot
reasonably underteke another flight without being
repaired.

95




L3

L2:

LO:

REACTIUN CODES (EMPLOYED WITH THIS REPORT)

Forced to land; aircraft destroyed as a result of the incident.
Forced to land; aircraft destroyed by enemy.

Emergency forced landing; successful autorotation or power-on
landing with serious damsge implied either by hit or in landing;
later recovered and/or repaired.

Forced tc land; aircraft evacuated.

Forced to land; aircraft repaired later, pussibly after evacuation
or in field delivery of parts and maintenance crew.

Forced to land; aircraft flown to nearby secure area and repaired
there.

Forced to land; quick fix without additional tocls or parts,
followed by continued flight to base.

Forced to land; aircraft inspected; flight resumed without repairs.

Forced to land without obvious reason (exteant of damage incon-
sistent with necessity of forced landing).

Forced to land; outcome unknown,
Mission aborted due to projectile damage to aircraft.

"aAircraft flown to nearby secure area." (Precautionary larding-
type reaction -- no other information.)

Mission abort not due directly to combat damage, (e.g., aborted
after being hit principally because of weather, ground fire
intensity, or other factors).

Mission abort without obvious reason. (Nature of damage incon-
sistent with mission abort.)
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(CONFIDENTIAL) APPENDIX B

OPERATIONS, CHRONOLOGY OF OCCURRENCES, MISSION (U)

97 The following page is blank.
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TABLE B-I (C}

CONFIDENTIAL

FOR CH-53A and HH-53B BY MONTH (U)

USMC CH-53's

USAF HH-53's

CH-53 & HH-53

SOUTHEAST ASTA INVENTORY AND UTILIZATION

No. of Flying No.of No.of Flying No.of No. of Flying No.of
A/C Sorties Hours A/C Sorties Hours A/C

Year Month Sorties Hours

1967 Apr not reported
May not reported
Jun 52 Unk
Jul not reported
Aug 119 Unk
Sep 1042 Uak
Oct 545 Unk
Nov Unk Unk
Dec Unk Unk
Total
(12 Mo.) 26,538 10,621
1968 Jan 3,624 1,178
Feb 3,670 1,895
Mar 2,853 1,012
Apr 2,729 1,023
May 2,352 967
Jun 3,947 1,066
Subtotal
(6 Mo.) 19,175 7,141
Jul 4,399 1,646
Aug 4,149 1,843
Sep 5,177 1,383
Oct 6,255 1,590
Nov 6,565 1,826
Dec 8,012 1,870
Subtotal
(6 Mo.) 34,557 10,158
Total
(12 mo.) 53,732 17,299

Unk
Unk
Unk

Unk (HH-53 monthly
data unavailable

Unk
Unk for
Unk
Unk
Unk
Unk 179
30 137
29 444
28 112
28 129
30 138
30 121
Avg.
29 1,081
25 190
29 183
23 188
30 142
28 140
29 144
Avg.
29 987
Avg.
29 2,068
99

1967)

261

247
689
271
250
340
190

1,987

310
373
367
367
384
401

2,202

4,189

(Incomplete
without HH-53

data)

Unk 26,717 10,882

5 3,761
5 4,114
6 2,965
6 2,858
6 2,490
5 4,068
8

5

1,425
2,584
1,283
1,273
1,307
1,256

.

9,128

1,956
2,216
1,750
1,957
2,210
2,271

12,360

6 55,800 21,488
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TABLE B-1 (C} SOUTHEAST ASIA INVENTORY AND UTILIZATION
. FOR CH-53A and HH-53B BY MONTH (U)(Continued)

USMC CH-513's USAF HH-53's CH-53 & HH-513
No. of Flying No.of No. of Flying No.of No. of Flying No.of
Year Month Sorties Hours A/C Sorties Hours A/C Sorties Hours A/C

1969 Jan 6,696 1,738 29 83 234 6 6,779 1,972 35
Feb 4,897 1,695 31 99 223 5 4,996 1,918 36
Mar 4,247 2,808 31 13 305 7 4,360 3,113 38
Apr 5,894 1,930 31 159 340 7 6,053 2,270 38
May 6,288 1,836 30 123 314 8 6,411 2,150 38
Jun 7,705 2,645 26 130 303 8 7,835 2,948 34
Total Avg. Avg. Avg

(6 mo.) 35,727 12,65 30 707 1,719 7 36,434 14,371 37

Grand Total
For Study 115,997 40,5372 -- 2,954 6,169 - 118,951 46,741
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USAF HH-538
USMC CH-53A

Tatal Sorties

USAF HR-53B
USMC CH-53A

Total Hits

USAF HH-53B
USMC CH-53A

Total

CONFIDENTIAL

TABLE B-1V (C) SORTIES HIT BY YEAR (U)

Sorties Hit

1967 1968 1969 Total
1 6 2 9
138 144 54 336
139 150 56 345
Total Hits

5 6~ 3 71
267 333 163 763
272 396 166 834

Average Hits Per Sortie Hit

5.00
1.93
1.96

104

10.50 1.50
2.31 3.02
2.64 2.96

CONFIDENTIAL
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TABLE B=V1 (C) SORTIES HIT BY MISSION V3 THREAT (U)

Number of Sorties Hit

.30
.30 Auto .30 All All  All
Missfon Rifle Wpn Unk .30 .50 HE Unk Toial
Afr-Landed Assault 6 6 5 17 2 2 21
Medical Evacuation 1 1 1 2
Reconnaissance 1 1 1
Recovarv (Sling Load) 14 7 2 23 23
Rescue 1 8 3 9 2% 10
Resupply 64 13 9 86 9 3 96
Resupply (Sling Load) 13 8 7 28 2 1 30
Test Flight 1 1 ]
Trzining 1 1 1
Troop Lift 7 1 8 1 8
Troop Extraction 1 1 1
Unkaown 11 3 115 129 16 9 1 151
Total 118 45 142 305 29 19 1 345%*%

*Ineludes one direct hit by HE projectile.
*tineludes nine sorties hit by mixed threats.

Percent of Sorties Hit

.30
.30 Auto .30 All All All
Mission Rifle Wpn Unk <30 50 HE Unk Total
Air-Landed Assault 5.61 14.29 18.52 9.65 15.38 20.00 10.34
Medical Evacuation 3.70 0.57 10.00 1.03
Reconnaissance 0.93 0.57 0.51
Recovery (Sling Load)13.08 16.67 7.40 13.07 11.86
Rescue 0.93 11.90 11.11 5.11 20.00 5.15
Resupply 59,81 30.95 33.33 48.86 69.23 30.00 49.48
Resupply (Sling Load)12.15 19.05 25.94 15.91 15.38 10.00 15.46
Test Flight 2.38 0.57 0.51
Training 2.38 0.57 0.51
Troop Lift 6.54 2.38 4.55 10.00 4.14
Troop Extraction 0.93 0.57 0.51
Total 100.CC 100.00 100.00100.00 100.00 100.00 100.00
106
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TABLE B-VII (C) TOTAL HITS BY MISSION VS THREAT (U)
Number of Hits
.30
.30 Auto .30 All All All
Mission Rifle Won Unk .30 50 HE Unk Total
Alr-Landed Assault 8 12 6 26 8 2 36
Medical Evacuation 1 1 1 2
Reconnaissance 1 1 1
Recovery (SL) 26 35 12 73 73
Fescue 1 41 10 52 23% 75%
Resupply 94 29 20 143 45 9 197
Resupply (SL) 24 19 11 54 3 1 58
Test Flight 3 3 3
Training 5 5 5
Troop Liftc 18 3 21 2 23
Troop Extraction 2 2 2
Unknown 18 6 242 266 41 51 1 359
Total 192 153 302 647 97 89 1 834
*Ineludes one direct hit by HE projectile.
Percent of Hits
.30
.30 Auto J30 Al All All
Mission Rifle Wpn Unk .30 «50 HE Unk Total
Air-Landed Assault 4.60 8.16 10.00 6.82 14.29 5.26 7.58
Medical Evacuation 1.67 0.26 2.63 0.42
Reconnaissance 0.57 0.26 0.21
Recovery (SL) 14.94 23.81 20.00 19.16 15.37
Rescue 0.57 27.89 16.67 13.65 60.54 15.79
Resupply 54.02 19.78 33.33 37.54 80.36 23.68 41.48
Resupply (SL) 13.79 12.93 18.33 14.18 5.36 2.63 12.21
Test Flight 2.04 0.79 0.63
Training 3.40 1.31 1.05
Troop Lift 10.34 2.04 5.51 5.26 4.84
Troop Extraction 1.15 0.52 0.42
Total 100.00 100.00 100.00100.00 100.00 100.00 100.00
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TABLE B-VILI (C) AVERAGE NUMBER OF HITS PER SORTIE HIT BY
MISSION VS THREAT (U)
.30 .30 HE
.30 Auto Unk All HE Dir.
Missicn Rifle Wpn Wpn 30 .50 Frags Hit Total
Afr-Landed Assault 1.33 2.00 1.20 1.53 4.00 1.00 1.71
Medical Evacuation 1. 1. 1, 1.
Reconnaissance 1. 1. 1.
Recovery (By Sling, 1.86 5.00 6.00 3.17 3.17
Rescue 1.0 <$.20 3.33 5.78 22,00 1.0 7.50
Resupply 1.47 2.23 2.22 1.66 5.00 3.00 2.05
Resupply (Sling) 1.85 2.38 1.57 1.93 1.50 1.00 1.93
Test Flight 3. 3. 3.
Training S. 5. 5.
Troop Lift 2.57 3.00 2.63 2.00 2,88
Troop Extraction 2. 2. 2.
Unknown 1.64 2.00 2,12 2.08 2.56 5.67 2,38
All Missions 1.63 3.40 2,14 2.13 3.34 4.89 1.00 2,42
108

CONFIDENTIAL




CONFIDENTIAL

TABLE B-IX (C)

CREW KNOWLEDGE OF AIRCRAFT HIT (U)

A. Crew Knew When Hit

Percent

Sorties

Yes 155

No 34
Unspecified 156
Total 345

44.93
9.86

45.21
100.00

B. Observed Ground Fire

Percent

Sorties
Yes 42
No 79

Unspecified 224
Total 345

109

12.17
22.90

64.93
100.00

The following page is blank.
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(CONFIDENTIAL) APPENDIX C

FLIGHT CONDITIONS (U)

111 The following page is blank.
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TABLE C-I (C) SOKTIES HIT BY FLICHT PHASE VS THREAT (U)

Number of Sorties Hit

.30
.30 Auto ,30 All All All Unk
Flight Phase Ritle Wpn Unk .30 .50 HE Wpn Total
Climb dut 4 2 14 20 1 21
En Route Low 19 9 22 50 2 2% 52%
En Route High 58 15 35 108 13 1 119
Orbiting 1 1 1 2
Hovering 3 3 3 9 2 3 12
Descending 8 2 24 34 3 37
Landing 7 7 6 20 4 2 25
on Ground 2 4 6 5 11
Taking Off 6 6 14 26 2 3 1 31
Cnknown 10 1 20 31 2 2 35.
Total 118 45 142 305 29 19% 1 345%%

*Incindes ore direat hit by HE projectile.
*tIncludes nine sorties hit by mixed threats.

Percent of Sorties Hit

.30
.30  Auto .30 All All All Unk
Rifle Wpn Unk .30 .50 HE Wpn Total

Climb Out 3.70 4.55 11.48 7.30 5.88 6.77
En Route Low 17.59 20.45 18.03 18.25 7.41 11.77 16.77
En Route High 53.70 34.09 28.68 39.42 48.15 5.83 38.39
Orbiting 0.93 0.36 3.70 0.65
Hovering 2.72 6.82 2.46 3.28 7.41 17.65 3.87
Descending 7.41  4.55 19.67 12.41 11.11 11.94
Landing 6.48 15.91 4.92 7.30 14.81 11.77 8.06
On Ground 1.85 3.28 2.19 29.40 3.55
Taking Off 5.56 13.64 11.48 9.4% 7.41 17.65 100.00 10,00
Total 100.00 109.00 100.00 100.00 100.00 100.00 100.00 100.00
113
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TABLE C-I1 {(C) TOTAL HITS BY FLIGHT PHASE VS THREAT n
_ Number of Hits
.30
.30 Auto <30 All All  All
Flight Phase Rifle Wpn Unk <30 <50 HE Unk Total
Climb Qut 5 5 34 44 1 45
En Route Low 40 43 34 117 14 3% 134
En Route High 94 28 77 199 23 222
Orbiting 1 1 4 5
Hovering 3 20 13 36 6 35 77
Descending 19 24 61 104 13 117
Landing 7 9 26 42 27 8 77
Cn Ground 3 4 7 35 42
Taking Off 10 20 30 60 2 5 1l 68
Unknown 10 4 23 37 8 2 47
Total 192 153 302 647 97 89% 1 834
tnalndes one direet Wit by HE projectile.
Percent of Hits
30
«30 Auto .30 All All All

Flight Phase Rifle Wpn Unk .30 .56 HE Unk Total
Climb Out 2.75 3.36 12.19 7.21 1.15 5.72
En Route Low 21.98 28.86 12.19 19.18 15.73 3.45 17.03
En Route High 51.64 18.79 27.60 32.62 25.84 28.20
Orbiting 0.55 0.16 4.49 0.64
Hovering 1.65 13.42 4.6 5.90 6.74 40.23 9.78
Descending 10.44 16,11 21,86 17.05 14.61 14.87
Landing 3.85 6.04 9.32 6.89 30.3¢ 9.20 9.78
On Ground 1.65 1.43 1.15 40.23 5.34
Taking Off 5.49 13.42 10.75 9.84 2,25 5.74 100.00 8.64
Total 100.00 100.00 100.00 100.60 100.00 100.00 100.00 100.00
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CONFIDENTIAL

FLLIGHT PHASE VERSUS THREAT (U)

(C) AVERAGE NUMBER OF HITS PER SORTIE HIT BY

.30 .30 HE

.30 Auto Unk All HE pir
Flight "hase Rifle Wpn Wpn .30 .50 Frags Hit Total
Unknown 1.00 4.00 1.15 1.19 4.00 1.00 1.34
Climb Out 1.25 2.50 2.43 2.20 1.00 2.14
En Route Low 2.10 4.78 1.55 2.3 7.00 2.00 1.00 2.58
En Route High 1.62 1.87 2.20 1.84 1.77 1.87
Orbiting 1.00 1.00 4.90 2.50
Hover 1.00 6.67 4.33 4,00 3.00 11.67 6.42%
Descending 2.38 12.00 2.54 3.06 4.33 3.16
Landing 1.00 1.29 4.33 2,10 6.75 4.00 3.08
On Ground 1.50 1.00 1.17 7.00 3.82%%
Taking Off 1.67 3.33 2.14 2,31 1.00 1.€7 2.19
Overall 1.63 3.40 2.14 2,13 3.34 4.89 1.00 2.42

*4verage for Hover - 4.67 excluding HE.

**pverage for On Ground - 1.16 excluding HE.
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TABLE C-IV (C) SORTIES HIT BY ALTITUDE VS THREAT (U)

Number of Sorties Hit

.30
.30 Auto .30 All All  All
Altitude Feet Rifle Wpn Unk .30 50 HE Unk Total
Unspecified 13 1 24 38 3 3 1 45
Zero 2 4 6 5 11
1 -25 2 S 8 3 5 13
26 - 50 1 9 10 2 11
51 - 100 7 5 7 19 1 20
101 - 200 6 6 9 21 1 3% 24
201 - 300 6 3 9 18 18
301 - 400 3 2 3 8 8
401 - 500 4 3 4 11 11
501 - 750 4 2 2 8 1 9
751 - 1000 13 4 16 33 3 35
1001 ~ 1500 25 7 26 58 3 61
1501 -~ 2000 11 6 11 28 S 32
2001 - 3000 15 3 13 31 6 36
Over 3000 7 1 8 3 1 11
Total 118 45 142 305 29 19 1 345%%
*Ineludes one direct hit vy HE projectile.
**I'meludes nine sorties hit by mixed threats.
Percent of Sorties Hit
+30
.30 Auto «30 All A1l All
Altitude Feet Rifle Wpn Unk +30 «50 HE Unk Total
Zero 1.90 3.39  2.24 33,33 3.67
1-25 0.95 4,54 4.26 3.00 11.54 33,33 4.33
26 - 50 0.95 7.63 3.74 13.33 3.67
51 - 100 6.67 11.36 5.93 7.12 3.85 6.67
101 - 200 5.71 13.64 7.63 7.86 3.85 13.33 8.00
201 - 300 5.71 6.82 7.63 6.74 6.00
301 - 400 2.86 4,55 2.54 3.00 2,67
401 - 500 3.81 6.82 3.39  4.12 3.67
501 - 750 3.81 4.54 1.69 3.00 3.85 3.00
751 - 1000 12.38 9.09 13.56 12.36 11.54 11.66
1001 - 1500 23.81 15.91 22.03 21.72 11.54 20.33
1501 - 2000 10.48 13.64 9.32 10.49 19.22 10.66
2001 - 3000 14.29 6.82 11.02 11.61 23.07 12.00
Over 3000 6.67 2.27 3.00 11.54 6.67 3.67
Total 100.00 100.00 100.00 1C0.00 100.00 100.00 100.00
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TABLE C-V (C) TOTAL HITS BY ALTITUDE VS THREAT (U)

Number of Hits

<30
.30 Auto .30 All All All
Altitude/Feet Rifle Wpn Unk .30 .50 HE Unk Total
Unspecified 13 4 27 44 9 12 1 66
Zero 3 4 7 35 42
1-25 1 11 15 27 13 13 53
26 - 50 7 k31 38 3 41
51 - 100 14 31 31 76 18 94
101 - 200 12 29 15 56 1 4% 61
201 - 300 10 9 13 32 32
301 - 400 4 7 3 14 14
401 - 500 10 20 Y 39 39
501 - 750 5 4 19 28 1 29
751 - 1000 30 12 31 73 15 88
1)01 - 1500 44 12 61 117 5 122 -
1501 - 2000 15 9 23 47 8 55
2001 - 3000 17 5 20 42 20 62
Over 3000 7 7 7 22 36
Total 192 153 302 647 97 89 1 834

*Includes one direct hit by HE projectile.

Percent of Hits
.30
.30 Auto 30 All All All
Altitude/Feet Rifle Wpn Unk .30 .50 HE Uok Total

Zero 1.68 1.45 1.16 45.46 5.47
1-25 0.56 7.38 5.45 4.48 14.77 16.88 6.90
26 - 50 3.91 11.28 6.30 3.90 5.34
51 - 100 7.82 20.81 11.28 12.60 20.45 12.24
101 - 200 6.70 19.46 5,45 9.29 1.14 5.19 7.94
201 - 300 5.59 6.04 4,72 5.31 4.17
301 -~ 400 2.23  4.70 1.09 2.32 1.82
401 - 500 5.59 13.43 3.27 6.47 5.08
501 - 750 2.79 2.68 6.91 4.64 1.14 3.78
751 - 1000 16.76 8.05 11.28 12.11 17.05 11.46
1001 - 1500 24.58 8.05 22.19 19.40 5.68 15.88
1501 - 2000 8.38 6.04 8.36 7.79 2.09 7.16
2001 - 3000 9.50 3.36 7.27 6.97 22,73 8.07 ‘
Over - 3000 3.91 1.16 7.95 28,57 4.69 i
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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TABLE C-VI (C) AVERAGE NUMBER OF HITS PER SORTIE HIT BY
ALTITUDE VERSUS THREAT (U)

1.47
3.82
4.42
3.73
4.70
2.57
1.78
1.75
3.55
3.22
2.51
1.97
1.72
1.72
3.27*

.30 .30 HE
.30  Auto Unk All HE Dir
Altitude, Feet Rifle Wpn Wpn .30 .50 Frags Hit Total
Unspecified 1.00 4.00 1.13 1,16 3.00 4.00 1.00
Zero 1.50 1.00 1.17 7.00
1-25 1.00 5.50 3.75 3.8 4.33 2.60
26 - 50 7.00 10.33 3.80 1.50
51 - 100 2.00 6.20 4.43 4,00 18.00
101 ~ 200 2.00 4.83 1.7 2.75 1,00 1.50 1.
201 - 300 1.67 3.00 1.44 1.78.
301 - 400 1.33 3.50 1.00 1.75
401 - 500 2.50 6.67 2.25 3.55
501 - 750 1.25 2.00 9.50 3.50 1.00
751 - 1000 2.31 3.00 1.94 2.21 5.00
1001 - 1500 1.76 1.71 2.35 2.02 1.67
1501 - 2000 1.36 1.50 2.09 1.68 1.60
2001 - 3000 1.13 1.67 1.54 1.35 3.33
Over 3000 1.00 1.00 2.33 22.00

Overall Avg. 1.63 3.40 2,13 2.12 3.34 4.89 1.

*jverage for "Over 3000" - 1.40 excluding HE.

2.42 i //
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TABLE C-VII (C) SORTIES HIT BY AIRSEEED VS THREAT (U)

Number of Sortfies Hit

.30 Aigo -30 All All  All

Speed (Knots) Rifle Won Unk .30 50 Ht  Unk Total

Unspecified 34 13 21 68 5 6 1 79

Zero 5 3 7 15 3 8 23

1-~50 9 9 20 38 2 3 43

51-~175 19 6 25 41 2 42

76 - 100 24 9 35 68 11 77
101 - 150 36 5 34 75 6 2% 81
Total 118 45 142 305 29 19% 1 345%*

*Includes one direct hit by HE projectile.
*tTneludes nine sorties hit by mized threats.

Percent of Sorties Hit
l30
.30 Auto .30 All All  All
Speed (Knots) Rifle Wpn Unk .30 .50 HE Unk Total

Zero 5.95 9.38 5.79 6.33 12,50 61.54 8.65

1-50 10.72 28,12 16.53 16.03 8.33 23.08 16.16

51 -175 11.90 18.75 20.67 17.30 8.33 15.79

76 - 100 28.57 28.12 28.92 28.69 45.84 28.95

101 - 150 42.86 15.63 28.09 131.65 25.00 15.38 30.45

Total 100.00 100.00 100,00 100.00 100.00 100.00 100.00
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Tabll C-VILT  (C)  TOTAL HITS BY AIKSPEED VS THREAT (U)

Number of Hits

0 e .30 AL ALl AN
Speed (Knots) Rifle Wpn Unk .30 .50 HE Unk Total
i:;;;;:::{;d 44 ) 45 22 111 11 18 1 141
Jero 6 20 17 43 13 43 99
1 - 3 23 a2 71 136 20 5 161
51 - 75 16 16 58 90 2 92
oo~ Lo 48 22 75 145 36 181
RS S 1)) 55 3 59 122 15 L 160
fetal 192 153 302 647 97 89* 1 834

£l

1]
.
4,
e,
:
I
+
A% 4
©
3,

by HE projectile.

Percent of Hits

.30 A;Zg .30 All A1l  All

Speed (Knots) Rifle wpn Unk .30 .50 HE Unk Total
Zero 4.05 18.52 6.07 8.02 15.12 60.57 14.29
1-50 15.54 38.89 25.36 25.38 23.25 7.04 23.23

51 -75 10.81 14.81 20.71 16.79 2.33 13.27
76 - 100 32,43 20.37 26.79 27.05 41.86 26,12
101 - 150 37.17 7.41 21.07 22.76 17.44 32.39 23.09
Total 100,00 100.00 100.00 100.00 100.00 100.CO 100.00
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TABLE C-IX (C) AVERAGE NUMBER OF HITS PER SORTIE HIT BY
AIRSPEED VERSUS THREAT (U)

.30 .30
+30 Auto Unk All HE Unk
Airspeed, Knots Rifle Wpn Wpn .30 .50 Frags Wpn Total

Unspecified 1.29 3.46 1.05 1.64 2.20 2.83 1.00 1.77
Zero 1.20 6.67 2,43 2.87 4.33 5.38 4.30
1-50 2.56 4.67 3.55 3.58 10.00 3.67 3.74
51 -175 1.60 3.67 2.32 2.20 1.00 2.19
76 - 100 2.00 2.44 2,14 2.13 3.27 2.35
161 - 150 1.53 1.60 1.76 1.63 2.50 22.00 1.99
Overall Avg. 1.63 3.40 2.13  2.i2 3.34 4.89 1.00 2.42
121

CONFIDENTIAL




CONFIDENTIAL

TABLE C-X (C) SORIIES HIT BY ALTITUDE VS AlRSPEED ~
CALIBER .30 (U)

__Number of Sorties Hit

————

Specified Alrspeed, Knots

A/S 1 51 76 101
Altitude, Feet Unk 0 - S50 - 75 - 100 - 150 Total
Unknown 33 1 2 2 38
Zero 6 6
1-25 6 1 7
b - 50 1 4 6 11
5L - 190 3 8 5 1 2 19
101 - 200 1 2 5 3 6 4 21
201 - 300 3 2 8 5 18
301 - 400 1 1 1 3 2 8
401 - 500 1 4 2 3 1 11
501 - 750 2 1 4 1 8
751 - 1000 3 5 5 9 11 33
1001 - 1500 6 3 7 20 22 58
1501 - 2000 5 2 3 10 8 28
2001 - 2000 7 1 3 10 10 31
Over 3000 2 2 1 3 8
Total 68 15 38 41 68 75 305
Percent of Sorties Hit
Specified Airspeed, Knots
A/S 1 51 76 101
Altitude, Feet Unk 0 - 50 - 75 =100 -~ 150 Total
Zero 42.86 2.24
1-25 42.86 2.63 2.62
26 - 50 2.86 10.53 8.00 4.12
51 - 100 8.57 21.06 12.83 1.52 2.67 7.12
101 - 200 2.86 14.28 13.16 7.69 9.09 5.33 7.86
201 - 300 8.57 5.25 20.51 6.67 6.74
301 - 400 2.86 2.63 2.56 4.55 2.67 3.00
401 - 500 2.86 10.53 5.13 4.55 1.33 4.12
501 - 750 5.71 2.50 6.06 1.33 3.00
751 - 1000 8.57 13.16 12.83 13.63 14.67 12.36
1001 - 1500 17.14 7.89 17.95 30.30 29.33 21.72
1501 - 2000 14.29 5.26 7.69 15.15 10.67 10.49
2001 - 3000 20.00 2.63 7.69 15.15 13.33 11.61
Over 2000 5.71 5.26 2.56 4.00 '3.00
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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TABLE C-XI (C) TOTAL HITS 3Y ALTITUDE VS AIRSPEED -
CALIBER .30 (U)

Number of Hits
Specified Afrspeed, Knots

A/S 1 51 76 101

Altitude, Feet Unk 0 - 50 - 75 - 100 = 150 Total
Unknown 37 1 4 2 44
Zero 7 7
l-25 25 2 27

26 ~ 50 7 15 16 38
51 - 100 8 55 8 1 4 76
101 - 200 3 8 9 10 19 7 56
201 - 300 7 6 8 11 32
301 ~ 400 2 1 4 5 2 14
401 - 500 9 13 S 11 1 39
501 ~ 750 3 1 23 1 28
751 -~ 1000 11 14 12 15 21 73
1001 - 1500 6 2 11 28 33 37 117
1501 - 2000 7 S 6 20 9 47
2001 - 3000 9 3 3 16 11 42
Over 3000 2 2 1 2 7
Total 1il1 43 136 90 145 122 647

Percent of Hits
Specified Airspeed, Knots
A/S 1 51 76 101
Altitude, Feet Unk 0 - 50 - 75 =100 - 150 Total
Zero 16.67 1.16
1-25 59.52 1.47 4.48
26 - 50 9.46 11.03 13.11 6.30
51 - 100 10.81 40,43 9.30 0.70 3.28 12.60
101 - 200 4.05 19.05 6.62 11.63 13.29 5.7% 9.29
201 - 300 9.46 4.41 9.30 9.02 5.31
301 - 400 2.70 0.74 4.65 3.50 1.64 2.32
401 - 500 12.16 9.56 5.81 7.69 0.82 6.47
501 - 750 4.05 ¢+ 1.16 16.08 0.82 4.64
751 - 1000 14.87 10.29 13.95 10.49 17.21 12.11
1001 - 1500 8.12 4.76 8.09 32.57 23.07 30.32 19.40
1501 - 2000 9.46 3.68 6.98 13.99 7.38 7.79
2001 - 3000 12.16 2.21  3.49 11.19 9.02 6.97
Over 3000 2.70 1.47 1.16 1.64 1.16
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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Taslll C-XII  (C) SORT1ES HIT BY ALTITUDE VS AIRSPEED -
CALIBER .50 (u)

Number of Sorties Hit

Specified Airspeed, Knots

A/S 1 51 76 101
Altitude, Feet  Unk 0 - 50 -~ 75 =100 - 150 Total
Uriknown 3 3
Zero
1 - 25 3 3
26 - 50
51 - 100 1 1
101 - 200 1 1
201 - 300
301 - 400
401 - 500
501 ~ 750 1 1
751 ~ 1000 1 1 1 3
1001 - 1500 1 2 3
1501 - 2000 2 1 1 1 5
2001 -~ 3000 * 5 1 6
Over 3000 1 2 3
Total 5 3 2 2 11 6 29
Percent of Sorties Hit
Specified Airspeed, Knots
A/S 1 51 76 101
Altitude, Feet Unk 0 - 50 - 75 =100 - 150 Total
Zero
1-25 100.00 11.54
26 - 50
51 - 100 50.00 3.85
101 - 200 16.67 3.85
201 - 300
301 -~ 400
401 - 500
501 - 750 9.09 3.85
751 - 1000 50.00 9.09 16.67 11.54
1001 - 1500 9,09 33.33 11.54
1501 - 2000 100.00 50.00 9.09 16.67 19.23
2001 - 3000 45.45 16.67 23.08
Over 3000 50.00 18.18 11.54
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

124

CONFIDENTIAL




'CONFIBLNTIAL

TABLE C-XIII (C) TOTAL HITS BY ALTITUDE VS AIRSPEZD -

CALIBER .50 (U)

Number of Hits

Specified Airspeed, Knots

TR a2 0T A FReR EDE

A/S 1 51 76 101
Altitude, Feet Unk 0 =50 - 75 - 100 - 150 Total
Unknown 9 9
Zero
1 - 25 13 13
26 - 50
51 - 100 18 18
101 - 200 1 1
201 - 300
301 -~ 400
401 - 500
501 - 750 1 1
751 - 1000 1 12 2 15
1001 - 1500 3 2 5
1501 - 2000 2 2 3 1 8
2001 - 3000 11 9 20
Over 3000 6 7
Total 11 13 20 2 36 15 97
Percent of Hits
Specified Airspeed, Knots
A/S 1 51 76 101
Altitude, Feet Unk 0 -50 - 75 - 100 - 15§ Total
Zero
1-25 100.00 14.77
26 - 50
51 - 100 90.00 20.45
101 - 200 6.67 1.14
* - 300
1 - 400
401 - 500
501 - 750 2.78 1.14
751 - 1000 50.00 33.33 13.33 17.05
1001 - 1500 8.33 13.33 5.68
1501 - 2000 100.00 10.00 8.33 1.67 9.09
2001 - 3000 30.56 60.00 22.73
Over 3G00 50.00 16.67 7.95
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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THREAT (U)
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TABLE D-1 (C) FREQUENCY OF WEAPON TYPES REPORTED (U)

Sorties Hit

Projectile Type Weapon Type Number Percent
Caliber .30 Only Rifle 117 33.9
Caliber .30 Only Automatic Weapon 44 12.8
Caliber .30 Only Unknown Type 136 39.4
All Caliber .30 Oaly All Types (Sub-total) 297 86.1

Caliber .50 Only Automatic Weapon 23 6.7
HE Fragments Mixed Types 15 4.3
Caliber .30 & Caliber £50 Mixed Weapons 5 1.4
Caliber .30 and Mortar Mixed Weapons 1 0.3
Caliber .30 and HE Mixed Weapons 2 0.6
Caliber .50 & Explosive Round Mixed W~spons 1 0.3
Unknown Unknown 1 0.3
Total All Types 345 100.00

.
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TABLE D-IT (C) DISTRIBUTION OF HITS BY WEAPON (U)

Weapon Tyvpe Total Hits Percent
Caliber .30 Rifle 192 23.0
caliber .30 Automacic Weapon 153 18.3
valibar 30 Yuknown Weapon 302 36.3
Subtotal €47 77.€
Caliber .50 Automatic Weapon 97 11.7
81lxm Mortar Fragments 2 0.2
Uaknown Mortar Fragmencs 31 3.7
37mm Projectile (direct hit) 1 0.1
Unknown Projectile Fragments 55 6.6
Unknown Weapon 1 0.1
Total 834 100.00
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TABLE D-III (C) NUMBER OF SORTIES HIT - THREAT VERSUS MONTH (U)

.30
.30 Auto .30 All  All
Year Month(s) Rifle Wpn Unk .30 .50 HE Unk Total
1967 Jan 3 2 S 5
Feb 1l 3 4 4
Mar 1 1 2 2
1st Qtr Total 5 6 11 11
Apr 7 2 1 10 10
May 10 5 1 16 1 1 18
Jun 7 3 10 1 10
2nd Qtr Total 24 10 2 36 1 2 38
let Half Total 29 10 8 47 1 2 49
Jul 8 1 9 9
Aug 9 2 11 11
Sep 15 2 17 2 19
3rd Qtr Total 32 5 37 2 39
Oct 11 1 12 12
Nov 18 9 27 27
Dec 9 2 1 12 12
4th Qtr Total 38 12 1 51 51
2nd Half Total 70 17 1 88 2 90
1967 Total 99 27 9 135 3 2 139
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TABLE D-IIT (C) NUMBER OF SORTIES HIT - THREAT VERSUS MONTH (U)

(Cont'd)
.30
+30 Auto .30 All All

Year Month(s) Rifle Wpn  Unk .30 .50 HE Unk Total
1968 Jan 1 17 18 1 19
Teb 6 3 19 28 6 1 1 36

waz 6 6 12 2 14

4.

st Qtr Total 12 4 42 58 8 2 1 69
Apr 2 22 24 3 2 28

May 1 1 2 4 1 1 5

Jun 3 3 1 2 6.

2ad Qtr Total 1 3 27 31 S 5 39
lst Half Total 13 7 69 89 13 7 1 108
Jul 1 1 2 2

Aug 2 2 1 1 4

Sep 3 3 3

3rd Qtr Total 1 6 7 1 1 9
Oct 10 10 10

Nov 3 3 3

Dec S 7 7 1¢ 1 20

4th Qtr Total 5 7 20 32 1l 33
2nd Half Total * 5 8 26 39 2 1 42
1968 Total 18 15 95 128 15 8 1 150
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TABLE D-III (C) NUMBER OF SORTIES HIT - THREAT VERSUS MONTH (U)
(Cont 'd)

.30
.30 Auto .30 All All

Year Month(s) Rifle Wpn  Unk .30 .50 HE Unk Total
1969 Jan 12 12 1 1 13

Feb 7 7 1 3 10

Mar 1 12 13 6 2 19
lst Qtr Total 1 31 32 . 8 6 42

Apr 4 4 2 2 7

May 2 2 1 2

Jun 1 2 1 4 1 5
2nd Qtr Total 1 2 ? 10 3 3 14
1st Half Total 1 3 38 42 11 9 56
Grand Total 118 45 142 305 29 19 1 345%

(20 months)

*Includes nine sorties hit by mixzed threats.
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TABLE D=1V (C)  TOFAL HITS - THREAT VERSUS MONTH (U)

.30
.30 Auto .30 All All
Year Month(s) Rifle Wpn  Unk <30 +50 HE Unk Total
1907 Jan 3 4 7 7
Feb 1 3 4 &
Mar 1 4 5 5
1sc Qtr Total 5 11 16 16
Apr il 7 1 19 19
May 16 14 1 31 7 1 39
Jun 16 8 24 2 26
2nd Qtr Total 43 29 2 74 7 3 84
lst Half Total 48 29 13 90 7 3 100
Jul 10 2 12 12
Aug 11 3 14 14
Sep 21 3 24 2 26
3rd Qtr Total 42 8 50 2 52
Oct 28 8 36 36
Nov 33 34 67 67
Dec 13 3 1 17 17
4th Qtr Total 74 45 1 120 120
2nd Half Total 116 53 1l 170 2 172
1967 Total 164 82 14 260 9 3 272
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TABLE D~tV  (C) TOTAL HITS - THREAT VERSUS MONTH (U) (Count'd)

.30
.30 Auto .30 All All

Year Month(s) Rifle Wpn  Unk .30 .50 HE Unk Total
1963 Jan 22 27 49 1 50
Feb 13 18 46 77 16 27 1 121
Mar 7 8 15 3 18
1st Qtr Total 20 49 81 141 19 28 1 189
Apr 9 55 64 18 12 94
Mav 1 2 S 8 1 22 31
Jun 4 4 1 3 8
2nd Qtr Total 1 11 64 76 20 37 133
lst Half Total 21 51 145 217 39 65 1 322
Jul 1 1 2 2
Aug 4 4 1 2 7
Sep 4 4 4
3rd Qtr Total 1 9 10 1 2 13
Oct 21 21 21
Nov 6 6 6
Dec 5 13 15 33 1 34
4th Qtr Total 5 13 42 60 1 61
2nd Half Total 5 14 51 70 2 2 74
1968 Total 26 65 196 287 41 6/ 1 396
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TABLE D-IV (C) TOTAL HITS - THREAT VERSUS MONTH (U)

(Cont'd)

.30
.30 Auto .30 All Al
Year Month(s) Rifle Wpn  Unk <30 50 HE Unk Total
1969  Jan 23 23 2 1 26
Feb 10 10 1 4 15
Mar 3 38 41 18 5 64
1st Qtr Total 3 7N 74 21 10 105
Apr 16 16 25 7 48
May 3 3 1 4
Jun 2 3 2 7 2 9
2nd Qtr Total 2 3 21 26 26 9 ) 61
1st Half Total 2 6 92 100 47 19 166
Grand Total - 192 153 302 647 97 89 1 83
(30 Months) -
i
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Number of Hit Multiples

T P IR T

FREQUENCY OF HIT MULTIPLES VERSUS THREAT (U)

i o A e
EA B

Caliber .30
Auto Cal HE Mixed
Hit Multipie Rifle Wpn Unk Total .50 Frags Cals Total
Unknown 1 2 3 3 1l 7
One 83 15 82 180 11 6 197
Two 19 10 23 52 4 4 3 63
Three 7 5 15 27 2 1 30
Four 3 3 4 10 2 1 13
Five 1 2 2 5 5
Six 3 1 2 6 6
Seven 1 1 2 1 3
Eight 1 2 1 4 4
Nine 3 1 4 1 1 6
Ten 1 1 1 1 3.
Eleven 1l 1l
Twelve 1 1
Thirteen 1 1
Over 15 1 2 3 1 1 5
Total 117 44 136 297 23 16 9 345
Percent
Caliber .30
Auto Cal HE Mixed
Hit Multiple Rifle Wpn Unk Total .50 Frags Cals Total
One 70.94 34.87 61.19 61.22 47.83 46.16 58.27
Two 16.24 23.25 17.16 17.69 17.39 30.77 37.50 18.63
Three 5.98 11.63 11.19 9.18 8.70 12.50 8.87
Four 2,56 6.98 2,99 3.40 8.70 7.69 3.85
Five 0.85 4.65 1.49 1.70 1.48
Six 2.56 2.33 1.49 2.04 1.78
Seven 2.33 0.75 0.68 4.35 0.89
Eight 0.85 4.65 0.75 1.36 1.18
Nine 6.98 0.75 1.36 4.35 12.59 1.78
Ten 0.75 0.34% 7.69 12.50 0.89
Eleven 12.50 0.30
Twelve 4.35 0.30
Thirteen 12.50 0.30
Qver 15 2,33 1.49 1.02 4.35 7.69 1.48
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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CONFILENTIAL

TABLE D-VI1 (C) DISTRIBUTION OF HITS VERSUS RANCE (U)

Number of Hits Received While Airborne:

Caliber .30 Cal
Range (Meters) Rifle Auto Wpn Unk Total +50 Other Total

Unknown 159 68 288 515 52 28 595
0~ 50
51 - 100 2 44 46 20 66
101 - 200 5 17 4 26 26
201 - 300 3 4 1 8 8
301 - 400 1 1 2 2
401 -~ 500 4 1 5 5
501 - 600
601 - 700 5 2 1 8 4 12
701 - 800 1 2 3 12 15
801 - 900
901 ~ 1000 5 3 8 7 6 21
1001 - 1500 2 6 2 10 1 11
1501 - 2000 7 7 7
Over 2000 2 2 1 21 24
Total Airborne 189 153 298 640 97 55 792

Number of Hits Received While on Ground:

Unknowa 3 - 4 7 - 34 42

Total Hits 192 153 302 647 97 89 834
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TABLE D-VI1 (C) DISTRIBUTION OF HITS VERSUS RANG (U) (Cont'd)

Percent of Hits Received While Alrborne:

taliber .30 Cal
Range (Meters) Rifle Auto Wpn Unk Total .50 HE Total

— ——

0-50
51 - 100 6.67 51.75 36.80 44.44 33.51
101 - 200 16.67 20.00 40.00 20.80 15.20
201 - 300 10.00 4.71 10.00 6.40 4.06
301 - 400 3.33 1.18 1.60 1.02
401 - 500 13.33 1.18 4.00 2.54

501 - 600
601 - 700 16.67 2.35 10.00 6,40 8.89 6.09
701 - 800 3.33 20.90 2.40 26.67 7.61

801 - 900
901 - 1000 16.67 3.53 6.40 15.56 22.22 10.66
1001 - 1500 6.67 7.06 20.00 8.00 2.22 5.58
1501 - 2000 8.24 5.60 3.55
Over 2000 6.67 1.60 2.22 77.78 12.18

Total Airborne 1G0.00 100.00 120,00 100.00 100.00 100.00 100.00

Percent of Hits Received While on Ground:

Unknown 100.00 100.00 100.00 100.00 100.C00 100.00 100.00
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TABLE D-VIII (C) DISTRIBUTION OF HITS VERSUS DIRECTION (U)
(Not on Ground)

Caliber .30 Cal
Clock Directfon Ritle Auto Wpn Unk Total .50 Other Total
11 4 R 36 8 6 50
12 5 4 2 11 1l 1 23
o1 1 1 3 4
Subtotal 9 K} 2 48 22 7 77
02 7 9 14 16
03 17 3 16 6 19 2 57
04 2 10 1 13 23 36
Subtotal 26 22 17 65 19 25 109
C5 1 1 1
06 7 3 3 15 15
07 1 5 1 7 1 8
Subtotal 9 8 6 23 1 24
08 1 9 10 10
09 10 12 22 22
10 1 1 9 10
Subtotal 11 22 33 9 42
Directly Below 2 2 2
Unknown 124 59 232 415 43 12 470
Unspecified 8 5 41 54 3 11 68
Total 189 153 298 640 97 55 792
142
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TABLE D-1X (C)

CONFIDENTIAL

COMPARTMENTS (U)

DISTRIBUTION OF HITS ON MAJOR CH/HH-33

Caliber .30 Cal
Compartments Rifle Auto Wpn Unk Total .50 Other Total
Cockpit 13 20 36 69 15 1 85
Tall Rotor Blade 3 3 6 12 2 1 15
Forward Fuselage 82 67 111 260 50 47 357
Aft Fuselage 26 16 34 76 10 12 98
Unknown Fuselage S 22 18 45 6 16 67
Hub 1 1 1
Blade 40 16 35 91 9 6 106
Unknown Main Rotor
Blade Section 17 17 2 19
Pylon Assembly 15 4 23 42 3 4 49
Landing Gear Aft 1 1 1
Unknown Other 1 1 1
Unspecified 6 5 21 32 3 35
Total 192 153 302 647 97 90 834
143 The following page is blank.

CONFIDENTIAL




CONFIDENTIAL

(CONFIDENTIAL) APPENDIX E

HITS AND EFFECTS BY SYSTEMS AND COMPONENTS w

145 The following page is blank.
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TABLE E~-I (C) FUEL SYSTEM HITS AND RESULTS (U)

Known
Fuel System Number Fuel Miscion Forced
Component Hit of Hits Leaks Aborts Landings
Main Fuel Cellb 19 1 1 -
(self-sealing)
Auxiliary Tankb 4 4 2¢ -
(nen-s.s.; HH-53B)
Fuel Supply Line 2 1 0 1d
Fuel Transfer Line 1l - - -
Heater Fuel Line 1 (] - -
Unknown Fuel Line 1l - - -
Fuel Vent Line 1 0 - -
Unknown Fuel Component 3? 1 - 3
Total 32 7 3 4
NOTES: a. All hits by Caliber .30 weapons cxcept one by Caliber 0.50

Ce

on unknoun component.

Case 80008/Migston Abort involved three main cell hits,
three auxiliary tank hits. PFucl was lost from both drop
tanks, loss from main cells small, if any.

Case 70101/Misaion Abort involved remaining aquxtliary tank
and one full supply line hit. Fuel lost from auziliary tank,
none from supply line.

Case 90020/Forced landing; fuel starvation of No. 1 engine
Jollowed by single-engine flight to secure area.
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TABLE E-II (C)

CONFIDENTIAL

ENGINE COMPARTMENT HITS AND RESULTS (V)

Engine Components Number Mission Forced

Damaged of Hits Aborts Landings
Cowling 9 - -
Exhaust Pipe 5 - -
Air Particle Separator 4 1 -
0il Cooler 1 - -
Unknown Engine

Component 10 - 2
Total 29 1x 2

Ao power loss; migsion abort due to tniemse ground fire.
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TABLE E-IV  (C) HYDRAULIC SYSTEMS HITS AND RESULTS (U)

e e T e K e e TSR K e

Adverse Reactions

Number Known Mission Furced
Hydraulic System/Component Hit of Hits Leaks Aborts Landings
First Stage Hvdraulic System:
Hydraulic Line 1 1 1
Unknown Component e
Total - First Stage 2 2 2
Second Stage Hydraulic System:
Hydraulic Line lg 1b lb
Servocylinder 1
Unknown Component 1 1 1
Total - Second Stage K] 2 1 1
Urility Hydraulic System:
Hydraulic Line(s) 6 6
Tail Rotor Servocylinder 1 1 1
Reservoir 1
Heat Exchanger 1 1l
Unknown Component 1 1l
Total - Utility 10 9 1
Main Rotor Brake Reservoir 1 1
Unknown 3ystem/Component 2° 1d
Total -~ All Hydraulic Systems 18 14 2 4

YOTES: a. Involved minor in-flight fire in tail gection.

b. Servo and line both hit Ly unknowm 8ize AAA projectile frag-

ments in single incident (Case No. 80045).

e. Caliber .50 (Case No. 90044); all others except Case 80045

were Caltber .30.

d. Case No. 90054: 37mm direct hit through side over rarp
cauced loss of stage one and utility systems ~- Forced to
land in enemy territory and lost A/C; Cases 90027 and
90044 -- Foreed to land due primarily to other systems

damage, recovered later.
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TABLE E-V (C) ELECTRICAL SYSTEM HITS AND RESULTS (U)

(Eleven hits - ten caliber

.30 and one caliber .50)

Case No.

Couponent

Remarks

Wiring Hits:
70108

70114

70200 (1)

70200 (2)

80008

80015

80046

80054

Component Hits:

70111

80062

70127

Damaged

Wire bundle

Wire bundle

Wire bundle
Wire bundle

intercom wires

Wires

Minigun wires

AFCS wires

Pilot's Circuit/
Breaker Panel

Copilot's Circuit/
Breaker Panel

Unknown Electrical
compartment

Bullet struck instrument panei main
wiring bundle and severed 16 wires.
Mission completed.

Bullet passed through wire bundle at
station 104 during takeoff. Mission
completed.

Wires damaged. Mission completed.
Wires damaged. Mission completed.

Severed wires disabling HF and
intercom radios. Mission aborted
due to extensive damage by 22 total
hits.

Bullet cut three wires and lodged
in gunner's shoulder. Mission
completed.

Bullet nicked minigun rate control
box wiring harness. Mission
completed.

Caliber .50 bullet cut unknown
number of wires. Forced landing
(wheels up) due to other damage.

Bullet penetrated panel and
severed 12 wires, Mission com-
pleted.

Bullet expended in panel. Mission
completed.

Bullet hit compartment. Mission
completed.
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TABLE E-VI (C) AVIONICS SYSTEMS HITS AND RESULTS (U)

(Eight hits - all caliler .30)

Compontnt

Case No. Damaged Remarks

70103 HF antenna coupler Mission completed.

70121 ADF antenna Mission completed.

70132 UHF antenna Bullet lodged i{n antenna. Mission
completed.

70149 Radio compartment Unknown effect. Mission completed.

70183 HF antenna coupler Coupler severed. Mission completed.

70228 Radio compartment Bullet passed through compartment
and lodged in nose gear firewall.
Mission completed.

70261 Radio compartment Unknown effect. Mission completed.

80075 Radio compartment Unknown effect. Mission completed.
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TABLE E-VII (C) INSTRUMENT SYSTEMS HITS AND RESULTS (U)

(Five hits - all caliber .30)

Component
Case No. Damaged Remarks
70266 Torque-meter and Mission completed.
Cruise~Guide
80008 J-4 Compass Bullet hit compass and dropped out

1D249 Indicator

APN 171 Altimeter

Doppler radome

nose wheel well.

Bullet through windshield shattered
pilot's directional indicator.

Bullet smashed pilot's radar
altimeter.

Bullet smashed iower rotating
beacon and pasaed throush radome.
Mission Aborted due to wide-spread
damage.
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TABLE E-VIII (C) LANDING GEAR SYSTEM HIT AND RESULTS (U)

(Five hits - three caliber .30 and two caliber .50)

Component
Case No., Damaged Remarks
80005 Nose gear strut Caliber .30 bullet expended in
strut, Mission completed; safe
landing.
80008 Nose gear tire Caliber .30 bullet hit wheel and
and wheel lodged in co-rotating wheel.
Mission aborted for other reasons;
safe landing.
80032 Left main gear Caliber .30 bullet entered in-
rim board rim and exited same. Mission
completed; no effect on landing.
90022 Right main gear Caliber .50 bullet hit right gear
strut strut. Mission completed; no
effect on landing.
90028 Left main gear Caliber .50 bullet passed through
strut left main gear oleo strut. Mission

completed; no effect on landing.
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(C) MISCELLANEOUS EQUIPMENT HITS AND RESULTS (U)

(Sixteen hits - all caliber .30)

Component Number of Hits
Inert Cargo 3
Briefcase 1
Heater 1
Landing Lights 1
Static Discharge Unit 1
Cargo Hoist 2
Rotor Fairing 1
Heater Duct 1
Bracket 2
Unarmored Seats 2
460 Machize Gun 1
Total 16
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(CONFIDENTIAL) APPENDIX F

AIRCRAFT KILLS -~ LOSSES, FORCED LANDINGS, MISSION ABORTS (U)

159 The following page is blank.
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